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QAPP Worksheet #1
Title and Approval Page

Site Name/Project Name: 20 Jefferson Avenue Removal Plan
Site Location: Elgin, Illinois

QUALITY ASSURANCE PROJECT PLAN FOR 20 JEFFERSON AVENUE REMOVAL PLAN (REVISED)
Document Title

USEPA - Region V.
Lead Organization

Grant Anderson/ Conestoga Rovers & Associates, Inc.
Preparer’s Name and Organizational Affiliation

1801 Old Highway 8 NW, Suite 114, St. Paul, Minnesota 55112
651-639-0913 ganderson@craworld.com
Preparer’s Address, Telephone Number, and E-mail Address

February 19, 2009
Preparation Date

Investigative Organization’s Project Manager:

Signature

Steve Voss
Conestoga-Rovers & Associates, Inc.

Date

Investigative Organization’s QA Manager:

Signature

Grant Anderson
Conestoga-Rovers & Associates, Inc.

Date

Lead Organization’s Project Manager

Signature

Alan Bielawski
The Group

Date
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QAPP Worksheet #1
Title and Approval Page (continued)

Site Name/Project Name: 20 Jefferson Avenue Removal Plan
Site Location: Elgin, Illinois

Project Manager

Signature

Steve Voss/CRA

Date

Approval Signatures:

Signature

Steve Faryan/USEPA - Region V

Date

Signature

Date

Other Approval Signatures:
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Amy McCormick / Test America

Date

Document Control Number:
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QAPP Worksheet #2
QAPP Identifying Information

Site Name/Project Name: 20 Jefferson Avenue
Site Location: Elgin, Illinois

Contractor Name: Conestoga-Rovers & Associates, Inc.
1. Identify guidance used to prepare QAPP:

Uniform Federal Policy for Quality Assurance Project Plans (Final — Version 1, March 2005)

2. Identify regulatory program: Office of Emergency Response

3. Identify approval entity: USEPA

4. Indicate whether the QAPP is a generic or a project-specific QAPP. (bold one)

5. List dates of scoping sessions that were held: Not applicable

6. List dates and titles of QAPP documents written for previous site work, if applicable:
Title Dated

QAPP (revised) (CRA) 1994

7. List organizational partners (stakeholders) and connection with lead organization:

USEPA: Regulatory Oversight

*

List data users: The Group, CRA, USEPA
9. If any required QAPP elements and required information are not applicable to the project,
then circle the omitted QAPP elements and required information on the attached table.

Provide an explanation for their exclusion below:
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QAPP Worksheet #2
QAPP Identifying Information (continued)

Note: QAPP elements and required information that are not applicable to the project are circled and an
explanation is provided in the QAPP.

Required QAPP Element(s) and
Corresponding QAPP Section(s) Required Information QAPP Worksheet #

PROJECT MANAGEMENT AND OBJECTIVES

21 Title and Approval Page - Title and Approval 1
Page
22 Document Format and Table of - Table of Contents 2
Contents - QAPP Identifying
2.2.1 Document Control Format Information
2.2.2 Document Control Numbering
System
2.2.3 Table of Contents

2.2.4 QAPP Identifying Information

2.3 Distribution List and Project - Distribution List 3
Personnel Sign-Off Sheet - Project Personnel Sign- 4
2.3.1 Distribution List Off Sheet
2.3.2 Project Personnel Sign-Off Sheet
24 Project Organization - Project Organizational 5
2.4.1 Project Organizational Chart Chart 6
2.4.2 Communication Pathways - Communication 7
2.4.3 Personnel Responsibilities and Pathways
Qualifications - Personnel 8
2.4.4 Special Training Requirements and | Responsibilities and
Certification Quualifications Table

- Special Personnel
Training Requirements
Table
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Page 5 of 54
Required QAPP Element(s) and
Corresponding QAPP Section(s) Required Information QAPP Worksheet #
2.5 Project Planning/Problem Definition |- Project Planning
2.5.1Project Planning (Scoping) Session Documentation
2.5.2 Problem Definition, Site History, (including Data Needs
and Background tables) 9
- Project Scoping Session
Participants Sheet 10

- Problem Definition, Site
History, and
Background

- Site Maps (historical
and present)

2.6 Project Quality Objectives and - Site-Specific PQOs 11
Measurement Performance Criteria

2.6.1Development of Project Quality - Measurement 12
Objectives Using the Systematic Performance Criteria
Planning Process Table
2.6.2Measurement Performance Criteria
2.7  Secondary Data Evaluation - Sources of Secondary
Data and Information
- Secondary Data Criteria 13
and Limitations Table
2.8 Project Overview and Schedule - Summary of Project 14
2.8.1Project Overview Tasks 15
2.8.2Project Schedule - Reference Limits and
Evaluation Table 16
- Project
Schedule/Timeline
Table
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QAPP Worksheet #2
QAPP Identifying Information (continued)
Required QAPP Element(s) and
Corresponding QAPP Section(s) Required Information QAPP Worksheet #
Measurement/Data Acquisition
3.1 Sampling Tasks - Sampling Design and 17
3.1.1 Sampling Process Design and Rationale
Rationale - Sample Location Map
3.1.2 Sampling Procedures and - Sampling Locations and
Requirements Methods/ SOP 18
3.1.2.1 Sampling Collection Requirements Table
Procedures - Analytical 19
3.1.2.2 Sample Containers, Methods/SOP
Volume, and Preservation Requirements Table 20
3.1.2.3 Equipment/Sample - Field Quality Control
Containers Cleaning and Sample Summary Table
Decontamination - Sampling SOPs 21
Procedures - Project Sampling SOP
3.1.2.4 Field Equipment References Table 22
Calibration, Maintenance, |- Field Equipment
Testing, and Inspection Calibration,
Procedures Maintenance, Testing,
3.1.2.5 Supply Inspection and and Inspection Table
Acceptance Procedures
3.1.2.6 Field Documentation
Procedures
3.2 Analytical Tasks - Analytical SOPs
3.2.1 Analytical SOPs - Analytical SOP 23
3.2.2 Analytical Instrument Calibration | References Table
Procedures - Analytical Instrument 24
3.2.3 Analytical Instrument and Calibration Table
Equipment Maintenance, Testing, |- Analytical Instrument 25
and Inspection Procedures and Equipment
3.2.4 Analytical Supply Inspection and Maintenance, Testing,
Acceptance Procedures and Inspection Table
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Page 7 of 54
Required QAPP Element(s) and
Corresponding QAPP Section(s) Required Information QAPP Worksheet #
3.3 Sample Collection Documentation, |- Sample Collection 26
Handling, Tracking, and Custody Documentation 27
Procedures Handling, Tracking,
3.3.1 Sample Collection Documentation | and Custody SOPs
3.3.2 Sample Handling and Tracking |- Sample Container
System Identification
3.3.3 Sample Custody - Sample Handling Flow
Diagram
- Example Chain-of-
Custody Form and Seal
3.4 Quality Control Samples - QC Samples Table 28
3.4.1 Sampling Quality Control - Screening/Confirmatoy
Samples Analysis Decision Tree
3.4.2 Analytical Quality Control
Samples
3.5 Data Management Tasks - Project Documents and 29
3.5.1Project Documentation and Records Table
Records - Analytical Services 30
3.5.2Data Package Deliverables Table
3.5.3Data Reporting Formats - Data Management
3.5.4Data Handling and Management SOPs
3.5.5Data Tracking and Control
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QAPP Worksheet #2
QAPP Identifying Information (continued)
Required QAPP Element(s) and
Corresponding QAPP Section(s) Required Information QAPP Worksheet #
Assessment/Oversight
4.1 Assessments and Response Actions |- Assessments and
4.1.1Planned Assessments Response Actions
4.1.2 Assessment Findings and - Planned Project 31
Corrective Action Responses Assessments Table
- Audit Checklists
- Assessment Findings 32
and Corrective Action
Responses Table
4.2 QA Management Reports - QA Management 33
Reports Table
43 Final Project Report
Data Review
5.1 Overview
52 Data Review Steps - Verification (Step I) 34
521 Step I: Verification Process Table
5.2.2 Step II: Validation - Validation (Steps Ila 35
5221 Step Ila Validation Activities | and IIb) Process Table
5.2.2.2 Step IIb Validation Activities |- Validation (Steps Ila 36
5.2.3 Step III: Usability Assessment and IIb) Summary
5.2.3.1 Data Limitations and Actions| Table 37
from Usability Assessment - Usability Assessment
5.23.2 Activities
5.3 Streamlining Data Review
5.3.1 Data Review Steps To Be
Streamlined
5.3.2 Criteria for Streamlining Data
Review
5.3.3 Amounts and Types of Data
Appropriate for Streamlining
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QAPP Worksheet #3
Distribution List
QAPP Telephone Document Control
Recipients Title Organization Number Fax Number E-mail Address Number
Steve Faryan Remedial U.S. EPA - Region | 312-353-9351 faryan.steven@epa.gov

Project Manager

\Y

Alan Bielawski

Project Manager

The Group

312-853-7000

312-853-7036

abielawski@sidley.com

Steve Voss Project Manager Conestoga-Rovers | 651-639-0913 651-639-0923 | svoss@craworld.com

& Associates
Grant QA Manager/Data | Conestoga-Rovers | 651-639-0913 651-639-0923 | ganderson@craworld.com
Anderson Validator & Associates
Dorothy Quality Manager Test America 330-497-9396 330-497-0772 | dorothy.leeson@testamericainc
Leeson North Canton, OH .com
Amy Project Manager Test America 330-497-9396 330-497-0772 | amy.mccormick@testamericain
McCormick North Canton, OH c.com

054633 (5)
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QAPP Worksheet #4
Project Personnel Sign-Off Sheet

Title: QAPP

Revision Number: 1
Revision Date: 04/02/09
Page 10 of 54

Note: Project Personnel sign-off sheets will be obtained by the CRA QA manager for key project personnel who have not already signed the
approval page (Worksheet #1). The CRA QA Manager will ensure that these sheets are kept on file and they are obtained prior to each person
beginning any of their project work.

Organization: Test America, Inc.

Project Personnel

Title

Telephone Number

Signature

Date QAPP Read

Dorothy Leeson

Quality Manager

330-497-9396
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USEPA USEPA
QA REVIEWER E—— PROJECT MANAGER
Steve Faryan
THE GROUP
PROJECT MANAGER
Alan Bielawski
CRA, INC. CRA, INC.
QA MANAGER / DATA VALIDATOR E—— PROJECT MANAGER
Grant Anderson Steve Voss
CRA, INC.

FIELD TECHNICAL STAFF

TEST AMERICA TEST AMERICA
PROJECT MANAGER - — -] QA MANAGER
Amy McCormick Dorthy Leeson
TEST AMERICA
LABORATORY STAFF

LINE of AUTHORITY
LINE of COMMUNICATION
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QAPP WORKSHEET #5

PROJECT ORGANIZATION CHART

20 JEFFERSON AVENUE - REMOVAL ACTION
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Revision Number: 1
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Page 12 of 54
QAPP Worksheet #6
Communication Pathways
Communication Means of
Driver Steps in Process Timing Communication
Amendment to the 1) The Group Project Manager (The Group PM) notifies | ASAP, but prior to conducting Telephone or e-mail
QAPP all document holders of a pending amendment. affected work
2) The Group PM provides draft amendment to all ASAP, but prior to conducting Hard copy by mail
document holders for review. affected work
3) The Group PM coordinates comment resolution. ASAP, but prior to conducting Telephone, e-mail, or
affected work meeting
4) The Group PM coordinates amendment approval ASAP, but prior to conducting Hard copy by mail
(signatures) of those persons who approved original | affected work
QAPP and distributes amendment to document
holders.
Laboratory Deviation | 1) Analyst notifies Laboratory Project Manager and QA | ASAP and within one business day | In person, by telephone,
Manager. or e-mail
2) QA Manager initiates Corrective Action Form. Same day Hard Copy
3) Laboratory Project Manager (PM) notifies CRA QA | ASAP and within one business day | Telephone or e-mail
Manager.
4) CRA QA Manager notifies CRA PM who notifies The | ASAP and within two business days | Telephone or e-mail
Group PM.
5) The Group PM notifies EPA PM. ASAP and within two business days | Telephone or e-mail
6) Approval of the means of resolution by EPA PM. ASAP Telephone or e-mail

054633 (5)
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Revision Number: 1
Revision Date: 04/02/09

Page 13 of 54
Field Work Deviation | 1) Sampler notifies CRA PM and QA Manager and ASAP and within one business day | In person, by telephone,
documents in field notes. or e-mail
2) QA Manager orders sampler to stop work (if deemed | Same day In person, by telephone,
necessary). or e-mail
3) CRA PM notifies The Group PM. ASAP and within two business days | Telephone or e-mail
4) The Group PM notifies EPA PM. ASAP and within two business days | Telephone or e-mail
5) Approval of the means of resolution by EPA PM. ASAP Telephone or e-mail
Project Delay 1) CRA PM notifies The Group PM. ASAP Telephone or e-mail
2) The Group PM notifies EPA PM. ASAP Telephone or e-mail
3) Approval of the means of resolution by EPA PM. ASAP Telephone or e-mail
Laboratory Data 1) CRA QA Manager notifies CRA PM who notifies The | ASAP and within two business days | Telephone or e-mail
Rejection Group PM.

Outlier Identification

2) The Group PM notifies EPA PM. ASAP and within two business days | Telephone or e-mail
3) Approval of the means of resolution by EPA PM. ASAP Telephone or e-mail
1) CRA PM notifies The Group PM. ASAP Telephone or e-mail
2) The Group PM notifies EPA PM. ASAP Telephone or e-mail
3) Approval of the outlier identification by EPA PM. ASAP Telephone or e-mail
4) CRA PM documents outlier identification in the With report submittal Hard Copy

Monitoring Report.

Notes:

1) Notifications by The Group PM may also be delegated by The Group PM to the CRA PM, or CRA QA Manager.
2) Any QAPP modification or deviation in QAPP procedures (field or laboratory) must be documented in writing and approved by all signatories of the QAPP
prior to conducting affected field work.

054633 (5)
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Title: QAPP

Revision Number: 1

Revision Date: 04/02/09

QAPP Worksheet #7

Personnel Responsibilities and Qualifications Table

Page 14 of 54

Education and

Organizational Experience
Name Title Affiliation Responsibilities Qualifications
Steve Faryan Remedial US. EPA - Region V | ¢ Provide oversight of the entire site for work performed under Note 1
Project this QAPP.
Manager e Review the QAPP and provide consistency, including
subsequent revisions.
e Coordination with USEPA QA Subcontractor
e Coordinate collection of USEPA QA split samples, as deemed
necessary by the USEPA.
e Audit any field or laboratory work, as deemed necessary by the
USEPA.
e Review the data presentation and analysis in the Construction
Completion Report.
Alan Bielawski | Project The Group e Review and approve the QAPP, including subsequent revisions. Note 1
Manager e Coordinate with the CRA Project Manager and USEPA.
Steve Voss Project CRA, Inc. Review and approve the QAPP, including subsequent revisions. Note 1
Manager Coordinate with the QA Manager on all QA /QC matters.

Ensure compliance with the QAPP for all project work.
Assign trained staff and resources to complete work in
accordance with the QAPP.

Coordinate preparation of the Construction Completion Report.

054633 (5)
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Title: QAPP

Revision Number: 1
Revision Date: 04/02/09

QAPP Worksheet #7

Personnel Responsibilities and Qualifications Table (continued)

Page 15 of 54

Education and

Organizational Experience
Name Title Affiliation Responsibilities Qualifications

Grant QA Manager/ | CRA, Inc. Review and approve the QAPP, including subsequent revisions. Note 1
Anderson | Data Validator Conduct an annual field audit, and audit other field or laboratory work,

as deemed necessary.

Coordinate with the external data validator

Prepare laboratory data validation reports.

Provide QA and data usability support to CRA, Inc.
Samplers Field Technical | CRA, Inc. Ensure QAPP-specified sample collection/handling/shipping Note 1

Staff procedures are followed.

Document sampling events and field observations.

Identify and report field problems to the Project Manager.
Dorothy Quality Test America Monitor and evaluate laboratory QA /QC activities, reporting Note 1
Leeson Manager North Canton, deficiencies and identifying resource requirements to the Laboratory

OH General Manager.

Conduct and document annual internal audits of laboratory
procedures.

Review laboratory SOPs and laboratory Quality Assurance
Manual/QAM (Appendix A).

Arrange the analysis of laboratory QC and performance evaluation
samples.

Schedule and document annual Method Detection Limit (MDL) studies.
Maintain staff training records.

Maintain the laboratory corrective action program.

Review and approve the laboratory elements of this project QAPP.

054633 (5)
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Title: QAPP
Revision Number: 1
Revision Date: 04/02/09

Page 16 of 54
Education and
Organizational Experience
Name Title Affiliation Responsibilities Qualifications
Amy Project Test America Ensure timely and accurate communication between CRA and Note 1
McCormick | Manager North Canton, laboratory.
OH Ensure that the requirements of the laboratory QAPP and the
laboratory elements of this QAPP are implemented.
Ensure timely response to CRA requests for information and audits.
Perform final review of analytical data reports to ensure that all
requirements are met.
Quality U.S. EPA - Identify and report problems to the Remedial Project Manager. Note 1
Manager Region V Review and approve the elements of this project QAPP.
Lab Staff Test America Ensure that the requirements of the laboratory QAPP and the Note 1
North Canton, laboratory elements of this QAPP are implemented.
OH Ensure timely response to CRA requests for information and audits.
Notes:

1) Resumes for each individual working on this project will be kept on file at each organization, and will be available to other organizations upon request.

054633 (5)
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QAPP Worksheet #8
Special Personnel Training Requirements Table

Title: QAPP

Revision Number: 1
Revision Date: 04/02/09
Page 17 of 54

Note: Field staff must be trained in collecting valid samples while laboratory staff are trained in proper analytical procedures. Both field
and lab staff must perform standard operating procedures, where applicable. The laboratory must be a NELAC/NELAP certified

laboratory.

Item

Training Procedures

Person Responsible for
Training Documentation

Training Documentation Procedures

Employee Orientation
and Training

Refer to Test America
SOP# CORP-QA-0013NC, Rev 1.2

Test America QA Manager

Refer to Test America
SOP# CORP-QA-0013NC, Rev 1.2

054633 (5)
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QAPP Worksheet #9
PROJECT SCOPING SESSION PARTICIPANTS SHEET

Page 18 of 54

QAPP

Project Name 20 Jefferson Avenue Removal Action

Projected Date(s) of Sampling: Spring 2009
Project Manager Steve Voss

Site Name 20 Jefferson Avenue

Site Location Elgin, Illinois

Date of Session: October 7, 2008
Scoping Session Purpose: To discuss scope of removal action and USEPA expectations.

Name

Affiliation

Phone #

E-mail Address

Project Role

Steve Faryan

U.S. EPA - Region

\Y

312-353-9351

faryan.steven@epa.gov

Remedial Project
Manager

Ron Frehner

CRA, Inc.

651-639-0913

rfrehner@craworld.com

Project Manager

Action Items:

Consensus Decisions:

Prepare draft QAPP and Removal Plan and submit to USEPA by late
February 2009.

The QAPP will follow the Uniform Federal Policy (UFP) for QAPPs.
The worksheet format described in UFP guidance will be used, making
QAPP appearance quite different than prior QAPPs prepared for the site.

100% of data will be validated.

QC samples will be similar to prior QAPPs prepared for the site.

054633 (5)
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Revision Number: 1
Revision: Date: 4/02/09
Page 19 of 54

QAPP Worksheet #10
(UFP-QAPP Manual Section 2.5.2)
Problem Definition

The problem to be addressed by the project:
PCB, dioxin, lead, cadmium, TCLP lead, and TCLP cadmium impacted soil present at the Site exceeding USEPA soil remedial objectives.

The environmental questions being asked:
Following soil removal activities, if additional soil sampling indicates that soil exceeds remedial objectives, then additional soil removal will be
conducted until soil remedial objectives are met.

Observations from any site reconnaissance reports:
The Site displays no obvious signs of soil contamination.

A synopsis of secondary data or information from site reports:

Pre-removal investigation data indicates several areas where the site soil exhibits parameter concentrations exceeding remedial objectives. The
investigation results provide a spatial delineation of most of the areas of impacted soil, allowing for soil removal without the need for follow-up
sampling.

The possible classes of contaminants and the affected matrices:

PCB, lead, cadmium, dioxin in soil.

The rationale for inclusion of chemical and nonchemical analyses:

Soil sampling will be used, as necessary, to determine levels of site contaminants present in the remaining soils following soil removal.

Information concerning various environmental indicators:
Decisions regarding whether further excavation will be needed are based upon the previous investigation data results or, if collected, additional
soil samples collected following excavation.

Project decision conditions (“If..., then...” statements):
If the confirmatory sampling data demonstrates that the remedial objectives have been met, no additional samples will be needed and the area
will then be deemed "clean".

If the confirmatory sampling data indicate that the remedial objectives have not been met, then further excavation will be conducted until the
remedial objectives are achieved.

054633 (5) CONESTOGA-ROVERS & ASSOCIATES
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QAPP Worksheet #11
(UFP-QAPP Manual Section 2.6.1)
Project Quality Objectives/Systematic Planning Process Statements

Who will use the data?
The data will be used by CRA, the Group, and USEPA.

What will the data be used for?
The data will be used to determine whether the project remedial objectives have been achieved.

What type of data are needed? (target analytes, analytical groups, field screening, on-site analytical or off-site laboratory techniques,
sampling techniques)

Confirmatory soil samples will be collected from the soil excavation areas for the analysis of PCBs, total lead, total cadmium, TCLP lead, and
TCLP cadmium. All collected samples will be analyzed by an off-site laboratory. No field screening will be conducted.

How “good” do the data need to be in order to support the environmental decision?
If collected, all soil data will be validated.

How much data are needed? (number of samples for each analytical group, matrix, and concentration)
Approximately 20 confirmatory soil samples will be collected.

Where, when, and how should the data be collected/generated?
Following soil excavation, sidewall samples (mid-height) will be collected at intervals of no greater than 25 feet and excavation bottom samples
would be collected on an approximate 25-foot grid pattern.

Who will collect and generate the data?
CRA will collect the confirmatory soil samples to be analyzed by a subcontracted laboratory.

How will the data be reported?
All collected data will be reported to USEPA during the project, prior to backfilling of the excavation areas. The final analytical data will be
documented in the Construction Completion Report.

How will the data be archived?
Collected soil data will be archived electronically by CRA
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QAPP Worksheet #12
Measurement Performance Criteria Table
Matrix Soil
Analytical Group PCBs
Concentration Level | Medium
QC Sample Assesses Error
QC Sample and/or Activity for Sampling (S),
Analytical Data Quality Measurement Performance Used to Assess Measurement Analytical (A) or both
Sampling Procedure’ Method/SOP? Indicators (DQIs) Criteria3 Performance (S&A)
SOP-1 SW846: 8082 Precision RPD <50% (or = 2 x RL if sample Field Duplicates S&A
(NC-GC-038- or duplicate is < 5 x RL)
rev.0) Accuracy & Precision | % Recoveries and RPD as follows: MS/MSD#* S&A
Aroclor 1016 10-199 (30)
Accuracy No Detections exceeding the RL Method Blank, Rinsate Blank A (Method blk), S & A
(Rinsate blk)
Accuracy % Recoveries as follows: Surrogates A
Decachlorobiphenyl 10-199
TCMX 10-196
Accuracy % Recoveries and RPD as follows: | Laboratory Control Sample A
Aroclor 1016 34-127 (30)
Accuracy RPD <£50% (or =2 x RL if sample QA split sample> S&A
or duplicate is < 5 x RL)
Sensitivity RLs < Half the Action Level RL Adequacy Check A
Field Completeness 100% Data Completeness Check S
Analytical 100% Data Completeness Check A
Completeness
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Matrix Soil
Analytical Group Dioxins
Concentration Level Medium
QC Sample and/or Activity Used | QC Sample Assesses Error for
Analytical Data Quality Indicators to Assess Measurement Sampling (S), Analytical (A)
Sampling Procedurel Method/SOP? (DQIs) Measurement Performance Criteria3 Performance or both (S&A)
SOP-1 SW846: 8280A Precision RPD <50% (or +2 x RL if sample | Field Duplicates S&A
(WS-ID-011-rev 4) or duplicate is < 5 x RL)
Accuracy & Precision | % Recoveries and RPD as follows: | MS/MSD* S&A
2378-TCDD 71-131 (25)
12378-PeCDD 65-140 (25)
123478-HxCDD 67-145 (25)
123678-HxCDD 57-144 (25)
123789-HxCDD64-134 (25)
1234678-HpCDD 66-133 (25)
OCDD 61-135 (25)
Accuracy No Detections exceeding the RL Method Blank, Rinsate Blank A (Method blk), S & A
(Rinsate blk)
Accuracy 13C-2378-TCDD 25-150 Internal Stds A
13C-123678-HxCDD 25-150
13C-OCDD 25-150
Accuracy % Recoveries and RPD as follows: | Laboratory Control Sample A

2378-TCDD 71-131 (25)
12378-PeCDD 65-140 (25)
123478-HxCDD 67-145 (25)
123678-HxCDD 57-144 (25)
123789-HxCDD64-134 (25)
1234678-HpCDD 66-133 (25)

OCDD 61-135 (25)

054633 (5)

CONESTOGA-ROVERS & ASSOCIATES



Title: QAPP

Revision Number: 1
Revision Date: 04/02/09
Page 23 of 54

Matrix Soil
Analytical Group Dioxins
Concentration Level Medium
QC Sample and/or Activity Used | QC Sample Assesses Error for
Analytical Data Quality Indicators to Assess Measurement Sampling (S), Analytical (A)
Sampling Procedurel Method/SOP? (DQIs) Measurement Performance Criteria3 Performance or both (S&A)
Accuracy RPD £50% (or 2 x RL if sample | QA split sample> S&A
or duplicate is < 5 x RL)
Sensitivity RLs < Half the Action Level RL Adequacy Check A
Field Completeness | 100% Data Completeness Check S
Analytical 100% Data Completeness Check A
Completeness
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Matrix Soil
Analytical Group Total, TCLP Metals
Concentration Level Medium
QC Sample and/or Activity Used | QC Sample Assesses Error for
Analytical Data Quality Indicators to Assess Measurement Sampling (S), Analytical (A)
Sampling Procedurel Method/SOP?2 (DQIs) Measurement Performance Criteria Performance or both (S&A)
SOP-1 SW846:1311/6010 | Precision RPD <50% (or + 2 x RL if sample | Field Duplicates S&A
(NC-MT-012- or duplicate is < 5 x RL)
rev.1, NC-OP-033) [ Accuracy & Precision | % Recoveries and RPD as follows: | MS/MSD+* S& A
Cadmium 75-125 (20)
Lead 75-125 (20)
TCLP Cadmium 50-150 (20)
TCLP Lead 50 - 150 (20)
Accuracy No Detections exceeding the RL | Method Blank A
Accuracy % Recoveries and RPD as follows: | Laboratory Control Sample A
Cadmium 80-120 (20)
Lead 80-120 (20)
TCLP Cadmium 50-150 (20)
TCLP Lead 50 - 150 (50)
Accuracy RPD £50% (or 2 x RL if sample [ QA split sample> S&A
or duplicate is < 5 x RL)
Sensitivity RLs < Half the Action Level RL Adequacy Check A
Field Completeness | 100% Data Completeness Check S
Analytical 100% Data Completeness Check A
Completeness

Notes:

1) Reference number from QAPP Worksheet #21. Field SOPs are included in Appendix B.

2) Reference number from QAPP Worksheet #23. Laboratory SOPs are included in Appendix A.
3) Criteria from project laboratory. Limits are subject to change.
4) MS/MSDs will be performed on samples collected from the site. Note that the percent recovery criterion does not apply if the sample concentration exceeds four times the

spike concentration.

5) QA split samples are collected at the discretion of the USEPA for analysis by an independent laboratory.
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Secondary Data

Data Source

Data Generator(s)

How Data Will Be
Used

Limitations on Data Use

Supplemental
Investigation Results

Supplemental
Investigation, CRA, Inc.,
2009

CRA, Inc.

To locate and delineate
the contaminated soil
source areas to evaluate
and implement possible
Removal Actions

None: sampling and analytical
methods and procedures were in
accordance with the approved
QAPP. The applicable data were
validated and determined to be
usable.
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QAPP Worksheet #14
Summary of Project Tasks

Sampling Tasks:
Approximately 10 soil samples will be taken for confirmatory sampling.

Analysis Tasks:

PCBs: SW8082

Lead and Cadmium: SW 6010B

Dioxin: SW 8280A

TCLP Lead and Cadmium: SW1311/6010B

Quality Control Tasks:
The following QC samples will be analyzed: rinsate (field) blanks (if necessary), field duplicate,
MS/MSDs, and QA split samples (if necessary).

Secondary Data:
None

Data Management Tasks:
Compile data into a summary table of analytical results (including corresponding action levels).

Documentation and Records:
Field data will be maintained in field books/field records and kept on file by CRA. The database will be
stored electronically on CRA’s network drive at the New Brighton, MN location.

Assessment/Audit Tasks:

A field audit may be conducted by the CRA QA manager during the sampling event. However, given the
short duration of the sampling work, no field audits are anticipated to be needed. Laboratory audits
(internal) will be conducted by the Test America Quality Manager (or designee) on an annual basis
(minimum).

Data Review Tasks:

The laboratory will review all data prior to issuing an analytical report and verify analytical report
completeness. CRA will prepare field data verification and validation (100% of data). CRA will prepare
analytical data validation reports (100% of data). CRA will assess data usability as part of the Removal
Plan. Data analysis (figures, tables, calculations, etc.) will be presented by CRA in the Construction
Completion Report.
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QAPP Worksheet #15
Reference Limits and Evaluation Table
Matrix: Soil
Analytical Group:
Concentration Level: Medium
Laborator
Project y
Action Reporting Reporting
Level Source for Limit Goal® Limit®
Method SOP Number Analytes (mg/kg) Action Level® (mg/kg) (mgy/kg)
8082 NC-GC-038 Aroclor 1016 0.033 0.033
PCB Aroclor 1221 0.033 0.033
Aroclor 1232 0.033 0.033
Aroclor 1242 0.033 0.033
Aroclor 1248 0.033 0.033
Aroclor 1254 0.033 0.033
Aroclor 1260 0.033 0.033
Total PCB Aroclors 10 EPA
8280A WS-ID-011, rev 4 | 2378-TCDD 0.5ng/g 0.5ng/g
Dioxins
12378-PeCDD 1.25ng/g 1.25ng/g
123478-HxCDD 1.25ng/g 1.25ng/g
123678-HxCDD 1.25ng/g 1.25ng/g
123789-HxCDD 1.25ng/g 1.25ng/g
1234678-HpCDD 1.25ng/g 1.25ng/g
OCDD 25ng/g 25ng/g
Total TEQ Dioxin lug/kg | EPA
Total NC-MT-012 Lead 400 EPA 0.3 0.3
Metals
NC-MT-012 390 EPA 0.5 0.2
Cadmium
131176010 | NC-MT-012, NC- | TCLP Lead 5mg/L | TCLP Reg 0.5
OP-033 level mg/L
TCLP Met | NC-MT-012, NC- | TCLP Cadmium 1mg/L | TCLP Reg 0.1
als OP-033 level mg/L
Notes:

*Reporting Limits will be reported as dry weight values.

1) The Action Level shown is the EPA or TCLP Regulatory Level.

2) Project Reporting Limit Goals are the Action Level.

3) Reporting Limits are equivalent to "practical quantitation limits". Method detection limits will generally be 2 to 10 times lower
than reporting limits.
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QAPP Worksheet #16
Project Schedule/Timeline Table
Dates
Anticipated Date(s) | Anticipated Date of
Activities Organization of Initiation Completion Deliverable Deliverable Due Date
Prepare Draft Removal |CRA/PRP Group Feb 2009 Feb 2009 Work Plan and QAPP TBD
Plan and QAPP Document
Approve Work Plan and | USEPA TBD TBD Approval Letter TBD
QAPP
Field Work CRA TBD TBD Field Work TBD
Laboratory Analysis Test America TBD TBD Analytical Report TBD
Data Verification and CRA TBD TBD Validation Reports TBD
Validation (Include with
Construction Completion
Report)
Prepare Construction CRA/PRP Group TBD TBD Construction Completion | TBD
Completion Report Report
Approve Construction | USEPA TBD TBD Approval Letter TBD
Completion Report
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QAPP Worksheet #17
(UFP-QAPP Manual Section 3.1.1)
Sampling Design and Rationale

Describe and provide a rationale for choosing the sampling approach (e.g., grid system, biased statistical approach):
Post-excavation confirmatory soil sampling will be conducted along excavation sidewalls (mid-height) at intervals not exceeding 25
feet, and over the excavation bottom at a frequency with grid nodes with spacing not exceeding 25 feet.

This sampling approach is commonly followed for soil removal projects and provides a sufficiently high frequency and density of
sampling points to reasonably discern the soil contaminant levels that may be remaining in the existing soil.

Describe the sampling design and rationale in terms of what matrices will be sampled, what analytical groups will be analyzed
and at what concentration levels, the sampling locations (including QC, critical, and background samples), the number of
samples to be taken, and the sampling frequency (including seasonal considerations) [May refer to map or Worksheet #18 for
details]:

The sampling design will consist of approximately 20 soil samples collected for analysis of PCBs, Lead, Cadmium, TCLP Lead, and
TCLP Cadmium. Sampling is a “one time” event and will be conducted in Spring 2009.
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QAPP Worksheet #18
Sampling Locations and Methods/SOP Requirements Table
Sampling Sampling
Location/ID Depth Analytical | Concentration | Number of sor

Number Matrix (ft) Group Level Samples Reference Rationale for Sampling Location
TBD Soil TBD PCBs Medium TBD SOP-1 See Worksheet #17
TBD Soil TBD TCLP Pb, Cd |Medium TBD SOP-1 See Worksheet #17
TBD Soil TBD TotaL Pb, Cd |Medium TBD SOP-1 See Worksheet #17
TBD Soil TBD Dioxins Low TBD SOP-1 See Worksheet #17
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QAPP Worksheet #19
Analytical SOP Requirements Table
Analytical and Maximum Holding
Analytical | Concentratio | Preparation Method/SOP| Sample Preservation | Time (preparation/
Matrix Group n Level Reference Volume Containers | Requirements analysis)
Soil PCBs Med Modified SW-846 Method |30 g of soil |4 oz glass Jar  [4° £ 2°C Extraction: 14 days
8082 for from sample
Test America SOP# extraction collection to
(NC-GC-038 (Soils extraction
Preparation by Analysis: 40 days
NC-IP-010) from extraction to
analysis
Soil TCLP Metals |Med SW-846 Method 1-2 g of soil |4 oz glass Jar  [4° +2°C 180 days from sample
1311/6010B collection to TCLP
Test America SOP# leachate; 180 days
NC-MT-012-rev.0, from leach to analysis
NC-OP-033
Soil Total Metals |Med SW-846 Method 6010 100g 4oz glassJar 14°£2°C six months from
Test America SOP# of soil for collection to analysis
NC-MT-012-rev.0 digestion
Soil Dioxins Low SW-846 Method 8280A |30 gofsoil |4ozglassJar |4°+2°C Extraction: 30 days

Test America SOP#
WS-ID-011-rev 4

from sample
collection to
extraction
Analysis: 45 days
from extraction to
analysis
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QAPP Worksheet #20
Field Quality Control Sample Summary Table
No. of
No. of Field
Concentration Sampling | Duplicat | No. of MS/| Total No. of
Matrix Analytical Group Level Analytical SOP Reference Locations | e Pairs MSDs Samples to Lab
Soil PCBs Med SOP# NC-GC-038 TBD 1:10 1:20 TBD
Soil TCLP Pb., Cd Med SOP# NC-MT-012, NC-OP- | TBD 1:10 1:20 TBD
033
Soil Total Pb., Cd Med SOP# NC-MT-012 TBD 1:10 1:20 TBD
Soil Dioxins Low SOP# WGS-ID-011 TBD 1:10 1:20 TBD
Note:

TBD - to be determined
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QAPP Worksheet #21
Project Sampling SOP References Table
Modified for
Reference Title, Revision Date and/or Originating Project Work?
Number Number Organization (Y/N) Comments
SOP-1 Soil Sampling Procedures CRA Yes Covers solid sampling method, field
notes, and sample custody and shipment.
Note:

1) Sampling SOP is included in Appendix B.
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QAPP Worksheet #22
Field Equipment Calibration, Maintenance, Testing, and Inspection Table
Field Calibratio | Maintenan | Inspection Freauenc Acceptance | Corrective | Responsible soprP
Equipment n Activity | ce Activity Activity 1 4 Criteria Action Person Reference
Sample Bottles | --- - Note 1 Before each | Certificate | Replace Field SOP-1
event verifies with new Sampler
clean bottles

Note:

1) Review laboratory Certificates of Analysis to verify sample bottle cleanliness, and file this documentation.
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QAPP Worksheet #23
Analytical SOP References Table
o Modified for
Organization ) )
Revision Number Definitive or Performing Project Work!
Analytical SOP and Date Screening Data Analytical Group Instrument Analysis (Y/N)
SOP# NC-GC-038 | Rev. 0 (6/08) Definitive PCBs GC Test America No
North Canton, OH
SOP# NC-MT-012, | Rev. 0 (1/09), Rev |Definitive TCLP ' ICP Test America No
NC-OP-33 0(3/08) Lead/Cadmium North Canton, OH
SOP# NC-MT-012 |Rev. 1 (1/09) Definitive Total . ICP/MS Test America No
Lead/Cadmium North Canton, OH
SOP# WS-ID-011 | Rev. 4 (10/08) Definitive Dioxins GC/MS Test America West |No

Note:

1) Laboratory SOPs are included in Appendix A.
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QAPP Worksheet #24
Analytical Instrument Calibration Table
Person
Calibration Frequency of Acceptance Responsible for
Instrument Procedure Calibration Criteria Corrective Action CA SOP Reference!
GC Refer to the Refer to the Refer to the Refer to the Laboratory SOP# NC-GC-038
laboratory SOP, |laboratory SOP, |laboratory SOP, laboratory SOP, | Analyst
section 10 section 10 section 10 section 10
ICP Refer to the Refer to the Refer to the Refer to the Laboratory SOP# NC-MT-012
laboratory SOP, |laboratory SOP, |laboratory SOP, laboratory SOP, | Analyst
section 10 section 10 section 10 section 10
GC/MS Refer to the Refer to the Refer to the Refer to the Laboratory SOP# WS-1ID-011
laboratory SOP, |laboratory SOP, |laboratory SOP, laboratory SOP, | Analyst
section 10 section 10 section 10 section 10
Note:

1) Laboratory SOPs are included in Appendix A.
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QAPP Worksheet #25
Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table
Instrument/ | Maintenance Testing Inspection Freauenc Acceptance Corrective Responsible sopP
Equipment Activity Activity Activity 1 Y Criteria Action Person Reference!
GC Replace Perform daily | Check See NC- See NC- Inspect Lab analyst NC-GC-038
consumables, check. connections, GC-038 GC-038 system; correct
bake out replace . . problem
column, consumables, section 10 section 10 and/or re-
recondition bake out calibrate; re-
column. column, analyzed all
recondition affected
column, and investigative
perform leak samples.
test
ICP Replace Perform daily | Check See NC- See NC- Inspect Lab analyst NC-MT-012
consumables, check. connections, MT-012 MT-012 system; correct
stabilize ICP replace . . problem
spec. consumables, section 10 section 10 and/or re-
stabilize ICP calibrate; re-
spec, and analyzed all
perform leak affected
test investigative
samples.
GC/MS Replace Perform daily | Check See WS-ID- | See WS-ID- | Inspect Lab analyst WS-ID-011
consumables, autotune. connections, 011, section 011 section system; correct
bake out replace 10 ’ 10 ’ problem
column, consumables, and/or re-
recondition bake out calibrate; re-
column. column, analyzed all
recondition affected
column, and investigative
perform leak samples.
test
Note:

1) Laboratory SOPs are included in Appendix A.
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Sample Handling System
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SAMPLE COLLECTION, PACKAGING, AND SHIPMENT

Sample Collection (Personnel/Organization): Sampling Personnel (CRA)

Sample Packaging (Personnel/Organization): Sampling Personnel (CRA)

Coordination of Shipment (Personnel/Organization): Sampling Personnel or Lead Field Staff (CRA)

Type of Shipment/Carrier: Overnight Courier (Fed-Ex or UPS)

SAMPLE RECEIPT AND ANALYSIS

Sample Receipt (Personnel /Organization): Sample Management Personnel (Test America)

Sample Custody and Storage (Personnel/Organization): Sample Custodian or Analyst (Test America)

Sample Determinative Analysis (Personnel/Organization): Analyst (Test America)

SAMPLE ARCHIVING

Field Sample Storage (No. of days from sample collection): Typically no more than 1 day prior to shipments to laboratory

Total Sample Storage Before Analysis (No. of days from sample collection): See Worksheet #19

SAMPLE DISPOSAL

Personnel/Organization: Sample Custodian (Test America)

Number of Days from Analysis: Not sooner than 30 days after reporting is complete
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QAPP Worksheet #27
Sample Custody Requirements

Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to laboratory):
See Field SOP-1

Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal):
See the following laboratory SOPs/Quality Assurance Manual::
NC-QAM-001 2008 Rev 0, section 24, Figure 24-3 Internal Chain of Custody
NC-SC--005 Sample Management/receiving
Facility Addendum2007 Waste Handling
Sample Identification Procedures:
See Field SOP-1

Chain-of-Custody Procedures:
See Field SOP-1

Notes:
1)  Field SOPs are included in Appendix B.
2)  Laboratory SOPs are included in Appendix A.
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QAPP Worksheet #28
QC Samples Table
Matrix Soil
Analytical Group PCBs
Concentration Level Med
Sampling SOP (1) 1
Analytical SOP (2) SOP# NC-GC-038
Field Sampling Firm CRA
Analytical Organization Test America
No. of Sample Locations TBD
Method/SOP QC Person(s)
Acceptance Corrective Responsible for
QC Sample: Frequency/Number Limits Action Corrective Action Data Quality Indicator (DQI)
Method Blank 1 per Prep Batch® |<RL Note 3 Analyst Accuracy
LCS 1 per Prep Batch See Worksheet # |Note 3 Analyst Accuracy
12
MS/MSD 1 per SDG6) See Worksheet Note 3 Analyst Accuracy and Precision
#12
Surrogates Every Sample See Worksheet Note 3 Analyst Accuracy
#12
Internal Standards Every Sample Area Counts Note 6 Analyst Accuracy and Precision
-50 to +100%
Initial and Continuing |Note 6 Note 6 Note 6 Analyst Accuracy
Calibration
Field Duplicates/rinse |10% for project® Note 8 Note 8 Note 8 Precision
blanks
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Matrix Soil
Analytical Group Total/TCLP Metals
Concentration Level Med
Sampling SOP (1) 1
Analytical SOP (2) SOP# NC-MT-012
Field Sampling Firm CRA
Analytical Organization Test America
No. of Sample Locations TBD

Method/SOP QC Person(s)

Acceptance Corrective Responsible for
QC Sample: Frequency/Number Limits Action Corrective Action Data Quality Indicator (DQI)

Method Blank 1 per Prep Batch® | <RL Note 3 Analyst Accuracy
LCS 1 per Prep Batch See Worksheet # |Note 3 Analyst Accuracy

12
MS/MSD 1 per SDGO) See Worksheet Note 3 Analyst Accuracy and Precision

#12
Initial and Continuing |Note 6 Note 6 Note 6 Analyst Accuracy
Calibration
Field Duplicates 10% for project®) Note 8 Note 8 Note 8 Precision
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Matrix Soil
Analytical Group Dioxins
Concentration Level Low
Sampling SOP (1) 1
Analytical SOP (2) SOP# WS-ID-011
Field Sampling Firm CRA
Analytical Organization Test America
No. of Sample Locations TBD
Method/SOP QC Person(s)
Acceptance Corrective Responsible for
QC Sample: Frequency/Number Limits Action Corrective Action Data Quality Indicator (DQI)
Method Blank 1 per Prep Batch® | <RL Note 3 Analyst Accuracy
LCS 1 per PrepBatch See Worksheet # |Note 3 Analyst Accuracy
12
MS/MSD 1 per SDG6) See Worksheet | Note 3 Analyst Accuracy and Precision
#12
Internal Standards Every Sample 25-150% Note 6 Analyst Accuracy and Precision
Initial and Continuing |Note 6 Note 6 Note 6 Analyst Accuracy
Calibration
Field Duplicates/rinse |10% for project® Note 8 Note 8 Note 8 Precision
blanks
Notes:

1) Field SOPs are included in Appendix B.

2) Laboratory SOPs are included in Appendix A.

3) Refer to Test America SOP# WS-IDP-011, section 9.

4) A preparation batch is defined as any group of samples of the same matrix that are prepared together.

5) A Sample Delivery Group (SDG) will consist of up to 10 samples of the same matrix that are analyzed and reported together.
6) Refer to Test America SOP# WS-IDP-011, section 7

7) Field duplicates and equipment rinse blanks will be collected at a rate of 10% for the project.

8) There are no Method/SOP acceptance limits or corrective action for these QC samples.
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QAPP Worksheet #29
Project Documents and Records Table
Sample Collection Data Assessment Documents
Documents and Records Off-site Analysis Documents and Records and Records
Field Notes Sample Receipt, Custody, and Tracking Records Laboratory Audit Forms
Chain-of-Custody Standard Traceability Logs Data Verification Forms
Air Bills Equipment Calibration Logs Data Validation Reports
Custody Seals Sample Prep Logs Corrective Action Forms
Telephone Logs and E-mail | Run Logs Telephone Logs and E-mail
Corrective Action Forms Equipment Maintenance, Testing, and Inspection Logs
Certificates of Analysis Corrective Action Forms
(bottle cleanliness)
Reported Field Sample Results
Reported Results for Standards, QC Checks, and QC
Samples
Instrument Printouts (raw data) for Field Samples,
Standards, QC Checks, and QC Samples
Telephone Logs and E-mail
Extraction/Clean-up Records
Raw Data (electronically stored)
Employee Orientation and Training CORP-QA-0013NC
Records Information Management NC-QA-019
Preparation and Management of Standard Operating Procedures NC-QA-0027
Data Validation Response QA-020
Sample Receiving and Sample Control NC-SC-005
Notes:
1) CRA will retain sample collection and data assessment documents and records for a minimum period of
five years.

2) Test America will retain Analytical documents and records for a minimum period of 5 years, after which
they will transfer files to CRA, who will retain them for a minimum period of 10 years.
3) Laboratory SOPs for documentation and records include:
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QAPP Worksheet #29
Project Documents and Records Table (continued)

Data Reporting Formats:

Field data recording procedures for soil sampling are specified in Field SOP-1 in
Appendix B. Procedures for sample bottle labeling are specified in Field SOP -1 in
Appendix B. Procedures for filling out field chain-of-custody forms are specified in Field
SOP-1 in Appendix B. Example chain-of-custody form, sample label and custody seal are
included at the end of Field SOP-1 in Appendix B.

The laboratory data package contents will include, at a minimum:

Cover Page

Case Narrative

Corrective Action Form (if applicable)
Sample Results

Method QC Results (method blank, LCS, MS/MSD, internal stds (dioxins), surrogates
(PCBs)

Chain-of-Custody (field)
Sample Receipt Log

S

Shipping Label (if applicable)

Test America procedures for data package preparation and review are described in Laboratory
SOP# NC-AD-001 and NC-AD-002 (Appendix A). Test America procedures for recording data
in notebooks/logbooks are described in Laboratory SOP# NC-QAM-001 (Appendix A).

Data Handling and Management:

Test America’s data management system is described Laboratory SOP# NC-QA-019

(Appendix A). This SOP describes the software that is used to acquire analytical results and
generate deliverables, data management, procedures for reducing data entry errors, and
procedures for correcting errors. Calculations that are utilized by Test America are performed
in accordance with the method SOPs. If manual integrations are performed on any samples, QC
samples, or calibration standards, Test America will flag such data in their analytical report and
will also provide chromatograms from before and after the manual integration, along with the
reason for the manual integration.
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QAPP Worksheet #29
Project Documents and Records Table (continued)

Prior to sending the report, the Test America Project Manager will verify that analytical reports
are complete and technically accurate. Test America sends analytical results to the CRA QA
Manager both as a hard copy of the data package (by mail) and also an electronic data
deliverable (EDD) by e-mail. The EDD is in a format that facilitates direct entry into data tables
to minimize data handling errors, such that no data entry or data entry forms are required.
CRA does not perform any data transformation or calculations that would alter the data values
received from Test America.

The hard copy of the deliverable is then forwarded by CRA’s data validator. The data validator
will also verify analytical report completeness as part of the data validation process. The data
validator will validate the analytical data as discussed in Worksheet #35. If during the
validation process it is realized that corrections need to be made to the deliverable, they will be
made at that time, and a corrected deliverable and EDD will be resent by Test America. The
EDD is then used to create/update the tables (Excel) that ultimately appear in the Construction
Completion Report. Any data qualifiers that were assigned to the data during the data
validation process are manually added into the Excel tables. These tables, with qualifiers, will
ultimately appear in the Construction Completion Report. A second individual from within
CRA will proof the manually added data qualifiers and the analytical results from the hard
copy data package against the data tables that will appear in the Construction Completion
Report to check for any data entry errors.

Data Tracking and Control:

The CRA QA Manager tracks the reporting of analytical data and coordinates analytical data
validation. The CRA QA Manager also tracks and manages the updating and storage of the
data tables (Excel) described above. These tables are stored on a network drive at CRA’s New
Brighton, Minnesota office. This network drive is backed up nightly, with additional backup
tapes from other increasing time intervals also being concurrently stored at any given time,
which minimizes the potential of losing the most current versions of these databases. Data
stored electronically by CRA will be retrievable for at least five years.

The Test America Project Manager will verify that laboratory documents and records (as listed
at the beginning of this worksheet) are properly filed. Test America will archive the final report
and associated raw data for all analyses for a minimum period of 5 years (either in the file
storage area of the laboratory or at their subcontracted storage facility). After 5 years, Test
America may transfer these files to CRA, who will retain these files for a minimum period of
five years. Test America’s procedures for archiving final analytical reports and associated raw
data are described in SOP# NC-QA-019 (Appendix A).

Electronic data storage is discussed in Test America SOP# NC-QA-019 (Appendix A).
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QAPP Worksheet #30
Analytical Services Table
Sample Data Package Laboratory/
Analytical Concentration Locations/ID Turnaround Organization
Matrix Group Level Numbers Analytical SOP Time

Soil PCBs Medium Confirmatory soil | NC-GC-038 2 weeks Test America
sample locations North Canton, OH

Soil Total and Medium Confirmatory soil | NC-OP-033 2 weeks Test America
TCLP sample locations | NC-MT-012 North Canton, OH

Metals
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Person(s) Responsible for

Person(s) Responsible

Organization | Performing Assessment for Person(s) Responsible for
Assessment Internal or Performing and Identifying Implementing Monitoring Effectiveness
Type Frequency External Assessment Corrective Actions Corrective Actions of Corrective Actions

Field Sampling | As Internal CRA CRA QA Manager CRA Lead Sampling CRA QA Manager
Technical necessary (or Senior QA personnel) |Staff
System Audit
Laboratory Annual Internal Test America Test America Test America Test America
Technical (minimum) Quality Manager Laboratory Supervisor |Quality Manager
Performance (or designee)
Audit
Notes:

1) Test America is externally audited to maintain certifications.
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2) Test America will not be routinely audited by the USEPA or The Group; however, the USEPA reserves the right to audit the laboratory, and if such audit
reveals significant issues, The Group will be asked to participate in the audit process.
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QAPP Worksheet #32
Assessment Findings and Corrective Action Responses
Timeframe for
Nature of Individual(s) Nature of Corrective | Individual(s) Receiving Beginning
Deficiencies Notified of Timeframe of Action Response Corrective Action Implementation of
Assessment Type Documentation Findings Notification Documentation Response Response
Field Sampling Written Audit CRA QA ASAP and E-mail or Letter CRA Lead Field Staff 1 business day
Technical System Audit | Report Manager and within 1
CRA Project business day
Manager M
Laboratory Technical | Written Audit Test America ASAP and Corrective Action Test America Laboratory |1 business day
Performance Audit Report Project Manager |within 1 Form Supervisor and General

and General
Manager @

business day

Manager

Notes:

1) CRA Project Manager will notify The Group within two business days, who will then notify USEPA Project Manager within two business days.
2) Laboratory Project Manager will notify the CRA QA Manager within one business day. The CRA QA Manager will then notify the CRA Project Manager and The
Group within two business days, who will then notify USEPA Project Manager within two business days.
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QAPP Worksheet #33
QA Management Reports Table
Projected Delivery  |Person(s) Responsible for
Type of Report Frequency Date(s) Report Preparation Report Recipient(s)
Laboratory Technical Annual Ongoing Test America Available Upon Request
Performance Audit (at a minimum) Quality Manager
Data Verification and Each Sampling Event Submitted with CRA QA Manager Submitted with
Validation Reports Construction Completion Construction Completion
Report (see below) Report
Data Usability Part of Construction Submitted with CRA QA Manager Submitted with
Assessment Completion Report Construction Completion Construction Completion
Report (see below) Report
Construction Completion |(Final Report) 2009 CRA Project Manager The Group,
Report USEPA
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Corrective Action
Forms

(if any) are completed and properly filed.

Internal/ | Responsible for Verification
Verification Input Description External (Name, Organization)

Field Documentation |Field Documentation will be reviewed to verify that required |Internal CRA QA Manager

documentation was completed by the field sampler. For this

verification step, the field sampler will provide copies of field

notes, chain-of-custody, Certificate of Analysis (bottle

cleanliness), and any information regarding sampling

deviation or corrective action. Verify that all required samples

were collected and that all required analyses/analytes were

requested.
Field Audit and Verify that field audit and corrective action documentation (if |Internal CRA Project Manager
Corrective Action any) are completed and properly filed.
Documentation
Laboratory Verify that all laboratory documentation (see Worksheet #29) | Internal Test America
Documentation is properly filed in accordance with laboratory SOPs. Project Manager
Analytical Report Verify that analytical reports are complete and technically Internal Test America

accurate prior to mailing to CRA (see Note 1). Project Manager
Laboratory Audit and | Verify that laboratory audit forms and corrective action forms |Internal Test America

QA Manager

Note:

1) Verification of analytical report completeness will also be conducted externally by CRA Data Validator as part of Data Validation (see Worksheet #35).
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QAPP Worksheet #35
Validation (Steps Ila and IIb) Process Table
Step I1a/I1b | Validation Input Description Responsible for Validation
ITa / IIb Field Review the items listed in field SOP/audit form to ensure that | CRA QA Field Staff/PM
Documentation | QAPP-specified sampling and documentation procedures were
followed.
ITa / IIb Analytical Data  |Review the items listed in Worksheet #29 to ensure that QAPP- | Data Validator

specified requirements were met and to determine any
required data qualification based on QAPP performance
criteria (see Worksheet #12).

Note:
1) Validation of field and analytical data will be performed on 100% of the data collected in the project.
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Validation (Steps Ila and IIb) Summary Table

Page 53 of 54

Data Validator

Step I1a/IIb Matrix Analytical Group | Concentration Level | Validation Criteria
IIa / IIb Soil PCBs Med Note 1 Grant Anderson
ITa / 1Ib Soil Total, TCLP Metals |Med Note 1 Grant Anderson
ITa / 1Ib Soil Dioxins Low Note 1 Grant Anderson
Note:

1) Compliance with methods and procedures (Step Ila) will be determined by comparison with the QAPP requirements. Compliance with method performance
criteria (Step IIb) will be determined by comparison with QAPP-specified performance criteria (Worksheets 12, 15, and 20). National Functional Guidelines
for Organic Data Review (USEPA, October 1999) and Inorganic Data Review (USEPA, October 2004) will be used as guidance where QAPP requirements are

not specific.
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QAPP Worksheet #37
Usability Assessment

Summarize the usability assessment process:
Final determination of data usability will be made as part of the Construction Completion Report, wherein the quality of the
sampling data used in decision-making will be evaluated as further described below.

Describe the evaluative procedures used to assess overall measurement error associated with the project:

Data validation reports (field and analytical) will be reviewed for any deviations from QAPP-specified procedures. If any
deviations were noted, the potential measurement error will be considered. Completeness, accuracy, precision, and sensitivity, will
all have been evaluated through data validation of each event’s data. These items will be summarized and discussed relative to
potential measurement error.

Identify the personnel responsible for performing the usability assessment:

Data usability determination will be conducted by the CRA PM. No statistical evaluations are envisioned; however; if any such
evaluations are performed (e.g. outlier determination), the CRA PM will seek assistance from CRA personnel having statistics
expertise.

Describe the documentation that will be generated during usability assessment and how usability assessment results will be
presented so that they identify trends, relationships (correlations), and anomalies:

Data usability evaluation, discussion, and conclusions will be presented in the Construction Completion Report. Tables
summarizing QC results for data quality from project sampling events will be presented and evaluated, including these tables:
method blanks, laboratory control samples, matrix spikes and MS/MSD precision, and field duplicates. Presenting these results in
tabular form will provide for project-wide evaluation of data quality trends and potential bias. The data usability discussion and
conclusion will indicate whether project data met the data quality objectives (DQOs) specified in this QAPP.

In addition to validation, the data will be examined to determine if individual or batch QC exceedances affect project decisions. In
the same manner, trends in QC results and potential impacts upon data usability will be evaluated and discussed as part of the data
assessment.

QC sample results (e.g.,, MS/MSD and field duplicate relative percent differences [RPDs]) will be evaluated to determine if
observed sample heterogeneity significantly impacts the ability to reconcile the data to the DQOs. If RPD results exceed the
acceptance limits listed given in Worksheet #12, and sample heterogeneity is determined to be a significant concern, additional
sampling and/or other means of reducing sample variability may need to be considered in order to ensure project DQOs are met.
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1. SCOPE AND APPLICATION

I1.1.

1.2.

1.3.

1.4.

This procedure is appropriate for the determination of tetra-, penta-, hexa-, hepta-, and
octachlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) in water, soil,
sediment, fly ash, and chemical waste samples per methods 8280A and 8280B. The
analytical method requires the use of high resolution gas chromatography and low
resolution mass spectrometry on sample extracts that have been subjected to specitied
cleanup procedures.

The calibration range is dependent on the compound and sample size. The sample size
varies by sample matrix. The upper limit of the calibration range for each compound is
20 times the Lower Calibration Limit (LCL).

Typically, the lowest calibration standard is used as the reporting and flagging limit.
See Table 1 for reporting limit/LCL.

Sample preparation is by Method 8280A or 8280B, per SOP WS-IDP-0011.

2. SUMMARY OF METHOD

2.1.

2.2.

A specified amount of water, soil, sediment, fly ash or chemical waste samples is
spiked with the internal standard solution. Soil, sediment, fly ash or chemical waste
samples are extracted with toluene in a combination of Soxhlet extractor (or equivalent
Soxtherm or Soxtech system) with a Dean Stark water separator (SDS). Aqueous
samples are filtered prior to extraction, and the glass fiber (or cellulose) filter paper
extracted as a solid. The filtered aqueous fraction is extracted with methylene chloride
using a separatory funnel. The extract is subjected to clean up procedures prior to
analysis. Sample preparation and cleanup is addressed in SOP WS-IDP-0011.

A 2 uL aliquot is injected into a fused silica capillary column in a gas chromatograph
(GC) interfaced to a mass spectrometer (MS). The mass spectrometer can either be
low or high resolution models. Identification of PCDDs/PCDFs is based on the
detection of the ions specified in Table 2a for the low resolution mass spectrometer
(LRMS) and in Table 2b for the high resolution mass spectrometer (HRMS), and the
measurement of the appropriate relative abundance (ratio) of two characteristic ions in
the molecular ion cluster. The PCDDs/PCDFs are quantitated by comparing the MS
response of the detected analyte relative to the MS response of the appropriate internal
standard.

3.  DEFINITIONS

3.1.

Definitions of terms used in this SOP may be found in the glossary of the Quality
Assurance Manual (QAM).
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3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

SOP No. WS-ID-0011, Rev. 4
Effective Date: 10/03/2008
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Data qualifiers are defined on each data report. Commonly used data qualifiers are
defined in the QAM.

Internal Standards: Internal standards are isotopically labeled analogs which are present
at the same concentration in every blank, field sample, quality control sample, and
calibration solution. The internal standards are added to the sample before extraction
and are used to measure the concentrations of the analytes.

Recovery Standard: Recovery standard is added to every blank, quality control
sample, and sample extract aliquot prior to analysis. Recovery standards are used to
measure the recovery of the internal standards.

Cleanup Standard: Cleanup standard is added to every sample, blank, quality control
sample, and concentration calibration solution. It is added to the samples after
extraction but prior to cleanup, to permit evaluation of the cleanup process.

Signal-to-noise: The ratio of analyte signal to random background signal.

Estimated Detection Limit (EDL): The concentration of an analyte required to produce
a signal with a peak height of at least 2.5 times the background signal level. The EDL
is calculated for each 2,3,7,8-substituted isomer for which the response of the
quantitation and confirmation ions is less than 2.5 times the background level.

Window Defining Mix: A solution that contains the first and last eluting isomer of each
homologue and is used to verify that the switching times between the descriptors have
been properly set.

Homologous Series: A series of organic compounds in which each successive member
has one more chlorine atom than the preceding member.

Isomer: Chemical compounds that contain the same number of atoms of the same
elements, but differ in structural arrangement and properties. For example, 1,2,3,4-
TCDD and 2,3,7,8-TCDD are structural isomers.

Congener: Any member of a particular homologous series, for example,
pentachlorinated dibenzofurans.

INTERFERENCES

4.1.

4.2.

Sample components may interfere with the detection and measurement of
PCDDs/PCDFs. To reduce interferences, the extract is cleaned up by column
chromatographic procedures.

Solvents, reagents, glassware, and other sample processing hardware may yield
discrete artifacts and/or elevated baselines which may cause misinterpretation of
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chromatographic data. All of these materials shall be demonstrated to be free from
interferences under the conditions of analysis by running laboratory method blanks.
Analysts must avoid using PVC gloves due to the possibility of contamination.

4.3.  The use of high purity reagents and solvents helps to minimize interference problems.
Purification of solvents by distillation in all glass systems may be necessary.

SAFETY

Employees must abide by the policies and procedures in the Corporate Environmental Health
and Safety Manual (CW-E-M-001), the West Sacramento Addendum to the Corporate EH&S
Manual (WS-PEHS-002) and this document. This procedure may involve hazardous material,
operations and equipment. This SOP does not purport to address all of the safety problems
associated with its use. It is the responsibility of the user of the method to follow appropriate
safety, waste disposal and health practices under the assumption that all samples and reagents
are potentially hazardous. Safety glasses, gloves, lab coats and closed-toes, nonabsorbent
shoes are a minimum.

5.1.  Specific Safety Concerns or Requirements

5.1.1.  Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically
resistant gloves must be worn while samples, standards, solvents, and reagents
are being handled. Latex and vinyl gloves provide no protection against most
of the organic solvents used in this method. Nitrile or similar gloves must be
used. Latex gloves may be used for methanol.

5.1.2.  Exposure to chemicals must be maintained as low as reasonably achievable;
therefore all samples must be opened, transferred and prepared in a fume
hood. Solvent and waste containers will be kept closed unless transfers are
being made.

5.1.3.  Laboratory procedures such as repetitive use of pipettes, repetitive transferring
of extracts and manipulation of filled separatory funnels and other glassware
represent a significant potential for repetitive motion or other ergonomic
injuries. Laboratory associates performing these procedures are in the best
position to realize when they are at risk for these types of injuries. Whenever
a situation is found in which an employee is performing the same repetitive
motion, the employee shall immediately bring this to the attention of their
supervisor, manager, or the EH&S staff. The task will be analyzed to
determine a better means of accomplishing it.

5.1.4.  The effluents of sample splitters for the gas chromatograph and roughing
pumps on the HRGC/HRMS system should pass through either a column of
activated charcoal or be bubbled through a trap containing oil or high-boiling
alcohols.
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5.2.  Primary Material Used

The following is a list of the materials used in this method, which have a serious or
significant hazard rating. NOTE: This list does not include all materials used in
the method. The table contains a summary of the primary hazards listed in the
MSDS for each of the materials listed in the table. A complete list of materials used
in the method can be found in the reagents and materials section. Employees must
review the information in the MSDS for each material before using it for the first time
or when there are major changes to the MSDS.

Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Tetradecane | Irritant None Inhalation of vapors may cause difficulty breathing,
established headache, intoxication and central nervous system
damage.
1 - Always add acid to water to prevent violent reactions.
2 — Exposure limit refers to the OSHA regulatory exposure limit.

6. EQUIPMENT AND SUPPLIES

6.1.  Gas Chromatograph/Mass Spectrometer/Data System (GC/MS/DS)

6.1.1.

The GC must be capable of temperature programming and equipped with all
required accessories, such as syringes, gases, and a capillary column. The GC
injection port is designed for capillary columns; a splitless technique is
recommended.

The mass spectral data obtained using a low resolution instrument utilizes 70
volts (nominal) electron energy in the electron impact mode. The system is
capable of selected ion monitoring (SIM) for at least 18 ions simultaneously,
with a cycle time of 1 second or less. Minimum integration time for SIM is
25 millisecond per m/z. The integration time used to analyze samples is
identical to the time used to analyze the calibration solutions and QC samples.
Total data acquisition time per cycle (18 ions) must not exceed 1 second.

The mass spectral data obtained using a high resolution instrument uses
appropriate electron energy in the electron impact mode to obtain a calibration
with required sensitivity for the CC1 level compounds (Section 10.4.3.2) and
so the CC5 level does not saturate. The mass spectrometer must be operated
in a selected ion monitoring (SIM) mode with a total cycle time (including the
voltage reset time) of one second or less.

An interfaced data system is present to acquire, store, reduce, and output mass
spectral data.
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GC Columns

6.2.1.

6.2.2.

Fused silica capillary columns are required. The columns shall demonstrate
the required separation of all 2,3,7,8-specific isomers whether a dual column
or a single column is chosen. Column operating conditions shall be evaluated
at the beginning and end of each analytical sequence during which samples or
calibration solutions are analyzed.

Isomer specificity for all 2,3,7,8-substituted PCDDs/PCDFs cannot be
achieved on the 60 m DB-5 column. In order to determine the concentration
of the individual 2,3,7,8-substituted isomers, if the toxicity equivalence is
greater than 0.7 ppb (solids), 7 ppt (aqueous), or 7 ppb (chemical waste), then
the sample extract may need reanalysis on a 60 m DB-225 (or equivalent) GC
column depending upon client requirements and site history.

7. REAGENTS AND STANDARDS

7.1.

7.2.

Solvents: High purity, distilled-in-glass: tetradecane.

Calibration Solutions

7.2.1.

7.2.2.

7.2.3.

All PCDD/PCDF calibration, internal standard, clean-up recovery standards,
and spike working solutions are stable for at least one year from preparation.
After one year, solutions may be reverified. The reverification solution may
be used for an additional year or until there is evidence of compound
degradation or concentration. The reverification must be performed using an
unexpired, not previously verified solution from a second lot or second
vendor. Stock standards are stable for 10 years. For more details on standard
expiration and reverification, see SOP WS-QA-0017.

Five tetradecane solutions (CC1-CC5) containing at least 10 unlabeled and at
least 7 carbon-labeled PCDDs/PCDFs at known concentrations are used to
calibrate the instrument. See Table 3 for calibration concentrations. One of
these five solutions (CC3) is used as the continuing calibration solution and
contains at least 7 additional unlabeled 2,3,7,8-substituted isomers that are
commercially supplied. The concentration ranges are homologue-dependent
with the lowest concentrations associated with tetrachlorinated dioxins and
furans (0.1-2.0 ng/uL), and higher concentrations associated with the penta-
through octachlorinated homologues (0.5 ng/ulL-10.0 ng/uL). The CC3 is
used as the continuing calibration and the CC1 is used to demonstrate
instrument sensitivity.

Store standard solutions at < 6 °C.
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The window defining mix is a solution obtained by the laboratory through a
commercial vendor. This solution contains the first and last eluting isomer of each
homologue (See Table 4) and is used to verify that the switching times between the
descriptors have been properly set. The window defining mix need not contain any of
the labeled internal or recovery standards, as no quantitative measurements are based
on this mixture.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1.

8.2.

8.3.

All samples should be stored at 4° + 2°C in the dark and extracted within 30 days of
collection and completely analyzed within 45 days of extraction. Whenever samples
are analyzed after the holding time expiration date, the results should be flagged
appropriately.

Protect samples from light at the time of receipt until extraction to minimize the
potential for photodecomposition.

For Method 8280B, store all samples and extracts at < 6°C in the dark.

NOTE: The holding times listed above are recommendations, as noted by the method.
PCDDs and PCDFs are very stable in a variety of matrices, and holding times under the
conditions listed above may be as high as a year for certain matrices. Sample extracts,
however, should always be analyzed within 45 days of extraction.

QUALITY CONTROL

9.1.

One method blank must be extracted with every process batch of similar matrix, not to
exceed twenty (20) samples. The method blank is an aliquot of laboratory matrix (e.g.
water, Ottawa sand, sodium sulfate, etc.) processed in the same manner and at the same
time as the associated samples. Corrective actions must be documented in a Non-
Conformance memo, then implemented when target analytes are detected in the
method blank above the reporting limit or when internal standard recoveries are outside
control limits. Re-extraction of the blank, other batch QC and the affected samples are
required when the method blank is deemed unacceptable. See policy WS-PQA-003 for
specific acceptance criteria.

9.1.1.  Certain programs, such as DOD, may require a more stringent evaluation of
the method blank, for instance, that the blank not contain any analytes of
interest at a concentration greater than '4 the lower calibration limit.

Note: Re-extraction of the blank, QC and affected samples for some matrices
including wipes are generally not possible because the entire sample is consumed in the
initial extraction. Re-processing of the archive is the only available check of the
process in this case.
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A Laboratory Control Sample (LCS) must be extracted with every process batch of
similar matrix, not to exceed twenty (20) samples. The LCS is an aliquot of laboratory
matrix (e.g. water, Ottawa sand, sodium sulfate, etc.) spiked with analytes of known
identity and concentration. The LCS must be processed in the same manner and at the
same time as the associated samples. Corrective actions must be documented in a Non-
Conformance memo, then implemented when the recoveries of any spiked analyte is
outside control limits. Re-extraction of the blank, other batch QC and all associated
samples are required if the LCS is deemed unacceptable. See policy WS-PQA-003 for
specific acceptance criteria. The LCS and MS/MSD levels are in Table 5.

The assessment of matrix effects on method performance, as required by NELAP, is
met, as in all isotope dilution techniques, with the use of isotopically labeled
compounds. These isotopically labeled compounds are analogs of target analytes and
are spiked into each sample. Therefore, matrix effects on method performance can be
judged by the recovery of these analogs. Sample analysis acceptance is controlled by
the performance of these analogs in each sample. A Matrix Spike/Matrix Spike
Duplicate (MS/MSD or MS/SD) pair is extracted at the client’s request only. An
exception to this rule is a batch containing South Carolina samples. These batches
must have an MS/MSD prepared. The MS/MSD are aliquots of a selected field sample
spiked with analytes of known identity and concentration. When requested by the
client, the MS/MSD shall be processed in the same manner and at the same time as the
associated samples. Corrective actions must be documented on a Non-Conformance
memo, then implemented when recovery of any spike analyte is outside control limits
provided on the LIMS or by the client. Re-extraction of the blank, the LCS, the
selected field sample, and the MS/MSD may be required after evaluation and review.
Matrix Spike/ Matrix Spike Duplicates are not generally applicable for air samples due
to the difficulty in collecting identical or representative samples. An LCS/LCSD may
be extracted to show precision of the extraction and analysis process.

9.3.1. Matrix Spike (MS): A sample that is spiked with a known amount of the
matrix spike fortification solution prior to the extraction step. The recoveries
of the matrix spike compounds are determined and used to estimate the effect
of the sample matrix upon the analytical methodology.

9.3.2.  The results obtained from the MS and MSD samples (percent recovery and
concentrations of 2,3,7,8-substituted PCDDs/PCDFs) should agree within 20
percent relative difference. Report all results and flag outliers.

Duplicates

9.4.1. Upon client request, duplicates may be processed. Locate the sample
specified for duplicate analysis, and prepare and analyze a second 10-g soil or
sediment sample portion or 1-L water sample, or an appropriate amount of the
type of matrix under consideration. Duplicate samples are not generally
applicable for air samples due to the difficulty in collecting identical or

Company Confidential & Proprietary



9.5.

SOP No. WS-ID-0011, Rev. 4
Effective Date: 10/03/2008
Page No.: 9 of 33

representative samples. A duplicate injection of a sample extract may be
performed to display instrument precision.

9.4.1.1. The results of the laboratory duplicates (percent recovery and
concentrations of 2,3,7,8-substituted PCDD/PCDF compounds)
should agree within 25 percent relative difference. Report all results
and flag outliers.

9.4.1.2. Certain programs, such as DoD QSM, may have more stringent
requirements for the RPD criterion. In the case of the DoD QSM,
the RPD must be less than or equal to 20%.

Internal standard recoveries are flagged if they are outside the recovery goals. Re-
extraction of affected samples should be performed if signal-to-noise for any internal
standard is less than 10:1.

10. CALIBRATION

10.1.

10.2.

Mass Calibration

10.1.1.

10.1.2.

LRMS: Mass calibration of the mass spectrometer is recommended prior to
analyzing the continuing calibration solution or samples each day. Tune the
instrument for greater sensitivity in the high mass range to achieve better
response to the later eluting compounds.

HRMS: The recommended mass spectrometer tuning conditions are based on
the groups of monitored ions using a perfluorokerosene (PFK) molecular leak.
Tune the instrument to meet the minimum required resolving power of 2,000
(10 percent valley) at m/z 304.9824 (PFK) or any other reference signal close
to m/z 303.9016 (from TCDF).

Window Defining Mix (WDM)

10.2.1.

10.2.2.

Prior to the calibration of the GC/MS system, it is necessary to establish the
appropriate switching times for the SIM descriptors and to verify the
chromatographic resolution. The switching times are determined by the
analysis of the window defining mix that contains the first and last eluting
isomer in each homologue. (See Table 4)

The window defining mix is analyzed at the initiation of an analytical
sequence prior to analyzing samples.
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Chromatographic Resolution

For analyses on a DB-5 (or equivalent) GC column, the chromatographic resolution is
evaluated by the analysis of the CC3 standard during both the initial and continuing
calibration procedures.

Note: the continuing standard concentration may be varied with a CC2 or CC4
standard.

GC Resolution for DB-5 or equivalent column. The chromatographic peak separation
between °C-2,3,7,8-TCDD peak and *C-1,2,3,4-TCDD isomers shall be resolved with
a valley of <25%, in all calibration standards.

Valley = é x100

Where:

X = the height from the baseline to the bottom of the valley between
adjacent peaks.

Y = the peak height of the shorter of the two isomers.

10.3.1. For the continuing calibration verification, the chromatographic peak
separation between 1,2,3,4,7,8-HxCDD and 1,2,3,6,7,8-HxCDD in the CC3
solution shall be resolved with a valley of < 50%, calculated in a similar
fashion as above. The resolution criteria must be evaluated using
measurements made on the SICP for the appropriate ions for each isomer.
Measurements are not made from total ion current profiles.

10.3.2. The relative ion abundance criteria for PCDDs/PCDFs listed in Table 2, must
be met for all PCDD/PCDF peaks, including the labeled internal and recovery
standards, in all solutions. The lower and upper limits of the ion abundance
ratios represent a = 15% window around the theoretical abundance ratio for
each pair of selected ions. The 37C14-2,3,7,8-TCDD cleanup standard is only
monitored by the *’Cl ion, thus the ion abundance ratio criterion does not
apply to this compound.

10.3.3. MS Sensitivity: For all calibration solutions including the CC1 solution, the
signal-to-noise ratio (S/N) must be greater than 2.5 for the unlabeled
PCDD/PCDF ions and greater than 10 for the internal standard and recovery
standard ions.

Five-Point Initial Calibration

10.4.1. The five calibration solutions outlined in Table 3 must be analyzed prior to
any sample analyses.

10.4.2. Analyze a 2 pL aliquot of each of the five concentration calibration solutions.
The identical GC/MS/DS conditions used for the WDM or CPSM solution

Company Confidential & Proprietary



10.4.3.

SOP No. WS-ID-0011, Rev. 4
Effective Date: 10/03/2008
Page No.: 11 of 33

must also be used for the concentration calibration solutions.

The laboratory must not proceed with the sample analyses until an acceptable
initial calibration is determined and documented according to the following
criteria:

10.4.3.1. The relative ion abundance criteria listed for PCDDs/PCDFs in
Table 2 must be met using areas to calculate the ratios.

10.4.3.2. MS Sensitivity: The signal-to-noise (S/N) ratio must be greater than
2.5 for the unlabeled PCDD/PCDF ions and greater than 10 for the
internal standard and recovery standard ions.

10.5. Relative Response Factors

10.5.1.

10.5.2.

Calculate the relative response factors (RRFs) for the 17 unlabeled target
analytes relative to their appropriate internal standards (RRF,) according to
the formula below for each calibration standard.

RRF = (Anl +AHZ)XQis
’ (Aisl +Ais2)XQn
Where:
An,Any = integrated areas of the two quantitation ions of the isomer of
interest (Table 2).
Ais1,Aio = integrated areas of the two quantitation ions of the
appropriate internal standard (Table 2).
RRF, = the response factor of the quantitation ions of the isomer of
interest relative to that of the appropriate internal standard.
Qn = quantity of unlabeled PCDD/PCDF analyte injected (ng).
Qis = quantity of appropriate internal standard injected (ng).

Calculate the RRF; for the five labeled internal standards and the cleanup
standard relative to the appropriate recovery standard (RRFjs) in each
calibration standard according to the formula below for each calibration
standard.

(Aisl + AisZ )X Qrs
(Arsl + ArsZ )X Qis
Where:

Ais1,Ais2, Qjs are defined above, and

Ai1,Ary = integrated areas of the two quantitation ions of the
appropriate recovery standard (Table 2).

RRF, =
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RRF;, = the response factor of the internal standard relative to that of
the appropriate internal standard.

QI‘S

quantity of appropriate recovery standard injected (ng).

There is only one quantitation ion for the *’Cl cleanup standard. Calculate the
relative response factor as described for RRFjs, using one area for the cleanup
standard and the sum of the areas of the ions from the recovery standard.

The RRF, and the RRFjs are dimensionless quantities; therefore, the units used
to express the Q,, Qis, and Qs must be the same.

Calculate the relative response factors for the native PCDDs/PCDFs relative
to the recovery standards (RRFy):

RRF,s=RRF, x RRFj
This is used when the sample is diluted to the extent that the MS response of
the internal standard is less than 10:1 signal to noise due to matrix impacts and
a re-extraction would not improve results. (See Section 12.4) The RRF,
method of quantitation is only used when the sample is diluted to the extent
that the S/N ratio for the internal standard is less than 10:1.

Response Factor Criteria
Calculate the mean RRF and percent relative standard deviation (%RSD) of

the five RRFs for the unlabeled PCDDs/PCDFs (CC1-CC5) and labeled
internal standards present in all five concentration calibration solutions.

%4RSD — Standard Deviation «100%

Mean RRF

The %RSD of the RRFs for the unlabeled PCDDs/PCDFs (CC1-CC5) and the
internal standards must not exceed 15 percent for method 8280A, and 20
percent for method 8280B.

Initial calibration verification standard (ICV): When available, a second
source calibration standard is analyzed with the initial calibration curve. Each
compound of the ICV must be within £ 30% of its expected value for method
8280A, and + 20% of its expected value for method 8280B.

10.6. Continuing Calibration (i.e. Daily Standard)

10.6.1.

Inject a 2 pL aliquot of the continuing CC3 calibration solution. The
continuing calibration solution must be analyzed at the beginning of each 12-
hour period to evaluate chromatographic resolution and calculate the RRF
values used in quantitation. Use the equations in Section 10.5 to calculate the
RREF values for the continuing calibration.
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The identical GC/MS/DS conditions used for the WDM and the initial
calibration solutions must also be used for the continuing calibration solution.

GC Column Resolution Criteria. The chromatographic resolution on the DB-
5 (or equivalent) column must meet the QC criteria in Section 10.3.

Ion Abundance Criteria. The relative ion abundances listed in Table 2 must
be met for all PCDD/PCDF peaks, including the labeled internal and recovery
standards.

Instrument Sensitivity Criteria. For the CC3 solution, the S/N ratio must be
greater than 2.5 for the unlabeled PCDD/PCDF ions, and greater than 10.0 for
the labeled internal and recovery standards.

Response Factor Criteria. The measured RRFs of each analyte and internal
standard in the CC3 solution must be within + 30% of the mean RRFs
established during initial calibration for method 8280A, and within =+ 20% of
the mean RRFs established during initial calibration for method 8280B,
%Difference = (40) x100
RRF,

Where:

RRF;= Relative response factor established during initial

calibration.

RRF.= Relative response factor established during continuing
calibration.

If any of the criteria listed are not met, the analyst must take corrective actions
and reanalyze the continuing calibration standard (CC3). If the criteria are
met after corrective action has been taken, then the sample analysis may
proceed.

If the criteria are not met after corrective actions have been taken, then a new
initial calibration must be performed, beginning with the analysis of the
window defining mix if retention times may have been affected. The new
initial calibration must meet all of the QC criteria in Section 10.4 before
sample analysis may proceed.

Instrument Sensitivity Check

10.7.1.

In order to demonstrate that the GC/MS/DS system has retained adequate
sensitivity during the course of sample analyses, the lowest of the standards
(CC1) should be analyzed immediately following the end of each 12-hour
sequence during which samples and standards are analyzed. The 12 hour time
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limit starts at the time of the injection of the daily calibration solution CC3.
Note: This should be done to show instrument sensitivity criteria has been
met during the entire acquisition of the run. If the analysis of the CC1 is
delayed (for example a bad injection of the CC1) the CC1 should be analyzed,
and the data evaluated for adverse impact. An NCM shall be created to
document this anomaly.

Analyze a 2 uL aliquot of the CC1 solution, using the identical instrumental
conditions used for analysis of samples and standards.

The CCI solution analyzed immediately following the end of the 12-hour
period must meet the following criteria:

10.7.3.1. Retention Time Criteria: The absolute retention time of the recovery
standards 13C—1,2,3,4—TCDD and 13C—1,2,3,7,8,9—HXCDD shall not
change more than 10 seconds between the initial CC3 analysis and
then ending CC1 analysis.

10.7.3.2. All the analytes in the CC1 solution must meet the ion abundance
ratio criteria in Table 2.

10.7.3.3. Instrument Sensitivity Criteria: For the CC1 solution, the S/N ratio
must be greater than 2.5 for the unlabeled PCDD/PCDF ions and
greater than 10.0 for the labeled internal and recovery standards.

If the analysis of the CC1 solution at the end of the 12-hour period fails either
the ion abundance or S/N criteria above, the laboratory must take corrective
action which may include:

10.7.4.1. Performing a new initial calibration, beginning with the analysis if
the window defining mix if necessary to set the windows.

10.7.4.2. Start a new analytical sequence

10.7.4.3. Reanalyzing all samples originally analyzed in the preceding 12-
hour time period in which:

10.7.4.3.1. No PCDDs/PCDFs were detected, or

10.7.4.3.2. Neither 2,3,7,8-TCDD or 2,3,7,8-TCDF were detected,
even if other PCDDs or PCDFs were detected.

10.7.4.4. These reanalyses are necessary because poor S/N ratios indicate a
loss of sensitivity that could lead to false negative results,
underestimation of concentration, or could cause ion abundance
ratios to fall outside the QC limits.

Note: If the samples are not impacted by isotopic ratios outside of
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criteria the data can be considered not to be adversely affected and a
NCM should be created for this anomaly.

10.7.4.5. If the CC1 analysis fails either the ion abundance or S/N criteria,
then any samples analyzed during that 12-hour period that indicated
the presence of any PCDDs/PCDFs below the method quantitation
limit or where EMPC concentrations were reported must be
reanalyzed. Samples with positive results above the method
quantitation limit need not be reanalyzed.

PROCEDURE

11.1.

11.2.

Procedural Variations

Procedural variations are allowed only if deemed necessary in the professional
judgment of the supervisor to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance memo and approved by a supervisor
and QA/QC manager. If contractually required, the client will be notified. The
Nonconformance memo will be filed in the project file.

Any deviations from this procedure identified after the work has been completed must
be documented as a nonconformance, with a cause and corrective action described. A
Nonconformance memo shall be used for this documentation.

GC/MS Analysis

11.2.1. Injecta 2 pL aliquot of the extract into the GC/MS instrument with the
following conditions.

Operating Conditions Guidelines
Column Coating DB-5 (or SP-2331)
Film Thickness 0.25 pm
Column Dimensions 60 m x 0.25 mm
Helium Linear Velocity 1.0 mL/min at 28psi
Initial Temperature 190°C
Initial Time 1 min.
Temperature Program increase to 240°C at 4°C/min.
then to 320°C at 20°C /min
Hold Time until OCDF elutes

11.2.2.  Analyze the extract by GC/MS and monitor all of the ions listed in Table 2.
The same MS parameters used to analyze the calibration solutions shall be
used for the sample extracts.
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11.3. Dilutions

11.3.1.

11.3.2.

11.3.3.

11.3.4.

11.3.5.

If the concentration in the final extract of any analyte exceeds the upper
method calibration limit (MCL) for that compound, the linear range of
response versus concentration may have been exceeded. In such cases, the
following corrective actions may be undertaken:

11.3.1.1. If the signal for the analyte has saturated the detector, a single
dilution and reanalysis of the extract will be made in an attempt to
bring the signal within the range of the detector. The reported
concentration for the analyte will be qualified appropriately.

11.3.1.2. If the signal for the analyte is above the MCL, but does not saturate
the detector, the concentration will be reported and qualified as “E.”

11.3.1.3. With the approval of the client, samples may be reextracted and/or
reanalyzed with the following adjustments in order to provide a
concentration which meets client-specific data quality objectives.

11.3.1.4. Extract and analyze one tenth of the original aliquot. This option is
appropriate only if it will provide analyte concentration within the
MCL and if the sample aliquot will be representative.

11.3.1.5. Extract an aliquot large enough to be representative, and increase the
concentration of internal standard and surrogate spike components
added prior to the extraction. The extract is then diluted either prior
to or after the clean up procedures.

11.3.1.6. Dilute the original extract. Internal standard components are
respiked at an appropriate level prior to analysis. In this case, the
internal standard recoveries are taken from the original analysis if
possible.

An appropriate dilution will result in the largest peak in the diluted sample
falling between the mid-point and high-point of the calibration range.

Dilutions are performed using an aliquot of the original extract of which
approximately 50 pL remains. Remove an appropriately sized aliquot from
the vial and add it to a sufficient volume of tetradecane in a clean 0.3 mL
conical vial. For example: Take a 5 uL aliquot and add 45 uL of tetradecane
for a 10X dilution (dilution factor of 10).

The dilution factor is defined as the total volume of sample aliquot and clean
solvent divided by the volume of the sample aliquot that was diluted.

Inject 2 pL of the diluted sample extract into the GC/MS and analyze
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according to Section 11.2.

Diluted samples in which the MS response of any internal standard is <10:1
signal to noise may be quantified using the recovery standard method.

11.3.6.1. The RRF,s method of quantitation is only used when the sample is
diluted to the extent that the S/N ratio for the internal standard is less
than 10.0 and re-extraction of the sample at a smaller aliquot is not
possible.

Polychlorinated Diphenyl Ether (PCDPE) interferences: The identification of a GC
peak as a PCDF cannot be made if a signal having S/N greater than 2.5 is detected at
the same retention time (+ 2 seconds) in the corresponding PCDPE channel (Table 2c¢).
If PCDPE peaks are present, any non 2,3,7,8-isomer peaks with matching retention
time (RT) will be eliminated from the calculation of totals for that homologue group. If
the PCDPE peak matches the RT of a 2,3,7,8-isomer, the result will be reported as an
estimated maximum possible concentration (EMPC).

12. CALCULATIONS/DATA REDUCTION

12.1.

12.2.

For a gas chromatographic peak to be unambiguously identified as a PCDD or PCDF,
it must meet all of the following criteria:

Retention Times

12.2.1.

12.2.2.

12.2.3.

Retention times are required for all chromatograms; scan numbers are
optional. Retention times shall either be printed at the apex of each peak on
the chromatogram, or each peak shall be unambiguously labeled with an
identifier that refers to the quantitation report, or combination of both shall
contain the retention time of each peak and its area.

In order to make a positive identification of the 2,3,7,8-substituted isomers for
which an isotopically labeled internal or recovery standard is present in the
sample extract, the absolute retention time (RT) at the maximum peak height
of the analyte must be within -1 to +3 seconds of the retention time of the
corresponding labeled standard.

In order to make a positive identification of the 2,3,7,8-substituted isomers for
which a labeled standard is not available, the relative retention time (RRT) of
the analyte must be within 0.05 RRT units of the RRT established by the
continuing calibration. The RRT is calculated as follows:

Retention Time of Analyte

RRT =
Retention Time of Corresponding Internal Standard
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12.2.3.1. For non-2,3,7,8-substituted compounds (tetra through hepta), the
retention time must be within the retention time windows
established by the window defining mix for the corresponding
homologue (See Section 10.2).

Peak Identification: All of the specified ions listed in Table 2 for each PCDD/PCDF
homologue and labeled standards must be present in the SICP. The ion current
response for the two quantitation ions and the M- [COCI]+ ions for the analytes must
maximize simultaneously ( = 2 seconds). This requirement also applies to the internal
standards and recovery standards. For the cleanup standard, only one ion is monitored.

Signal-To-Noise Ratio: The integrated ion current for each analyte ion listed in Table 2
must be at least 2.5 times background noise and must not have saturated the detector.
The internal standard ions must be at least 10.0 times background noise and must not
have saturated the detector. However, if the M-[COCI]+ ion does not meet the 2.5
times S/N requirement but meets all other criteria listed in Section 12.1 and, in the
judgment of the GC/MS Interpretation Specialist, the peak is a PCDD/PCDF, the peak
may be reported as a qualified positive.

Ion Abundance Ratios

12.5.1. The relative ion abundance criteria listed in Table 2 for native analytes and
internal standards must be met using peak areas to calculate ratios.

12.5.2. If interferences are present and ion abundance ratios are not met using peak
areas, but all other qualitative identification criteria are met (RT, S/N,
presence of all three ions), the chemist may use peak heights to evaluate the
ion ratio.

12.5.3. If, in the judgment of the analyst, the peak is a PCDD/PCDF, then report the
ion abundance ratios determined using peak heights. Quantitate the peaks
using peak heights rather than areas for both the target analyte and the internal
standard.

12.5.4. The identification of a GC peak as a PCDF cannot be made if a signal having
S/N greater than 2.5 is detected at the same retention time (£ 2 seconds) in the
corresponding PCDPE channel (See Table 2). If a PCDPE is detected, an
EMPC should be calculated for this GC peak regardless of the ion abundance
ratio.

For GC peaks that have met all the identification criteria outlined above, calculate the
concentration of the individual PCDD or PCDF isomers using the following formula:
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12.6.1. All matrices other than water:

Qis ><(IAnl +An2)
Wx(A, +A,,)xRRF,

isl is2

Conc. (ug/kg) =

12.6.2. Water matrices:

Qis ><(lenl +An2)
Vx(A, +A,,)xRRF,

isl

Conc. (ng/L) =

Where:

Ani,An = integrated ion abundances (peak area) of the quantitation ions
of the isomer of interest (Table 2).

Ais1,Aiso = integrated ion abundances (peak areas) of the quantitation
ions of the appropriate internal standard (Table 2).

w = weight of sample extracted, in grams.

A% = volume of sample extracted, in liters. Samples are weighed
on a balance to two significant figures. Volume is based on
the density of water being 1.00 g/mL

Qis = quantity of the appropriate internal standard added to the
sample prior to extraction, ng.

RRF, = calculated relative response factor from continuing
calibration (See Section 10.6).

NOTE: In instances where peak heights are used to evaluate ion abundance ratios due
to interference (see Section 12.5.3), substitute peak heights for areas in the formula
above.

12.6.3. For solid matrices, the units of ng/g that result from the formula above are
equivalent to pg/Kg. Using isotope dilution techniques for quantitation, the
concentration data are recovery corrected, and therefore, the volume of the
final extract and the injection volume are implicit in the value of Qjs.

12.6.3.1. For homologous series that contain only one 2,3,7,8-substituted
isomer (TCDD, PeCDD, HpCDD, OCDD, TCDF, and OCDF), the
RREF of'the 2,3,7,8-substituted isomer from the continuing
calibration (See Section 10.6) will be used to quantitate both the
2,3,7,8-substituted isomers and the non-2,3,7,8-substituted isomers.

12.6.3.2. For homologous series that contain more than one 2,3,7,8-
substituted isomer (HxCDD, PeCDF, HxCDF, and HpCDF), the
RRF used to calculate the concentration of each 2,3,7,8-substituted
isomers will be the RRF determined for that isomer during the
continuing calibration (See Section 10.6).
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12.6.3.3. For homologous series that contain one or more non-2,3,7,8-
substituted isomers, the RRF used to calculate the concentration of
these isomers will be the lowest of the RRFs determined during the
continuing calibration (See Section 10.6) for the 2,3,7,8-substituted
isomers in that homologue. This RRF will yield the highest possible
concentration for the non-2,3,7,8-substituted isomers.

NOTE: The relative response factors of given isomers within any
homologous series may be different. However, for the purpose of these
calculations, it will be assumed that every non-2,3,7,8-substituted isomer for a
given homologue level will have the same relative response factor. In order to
minimize the effect of this assumption on risk assessment, the 2,3,7,8-
substituted isomer with the lowest RRF was chosen as representative of each
homologous series. All relative response factor calculations for the non-
2,3,7,8-substituted isomers in a given homologue are based on that isomer.

In addition to the concentrations of specific isomers, the total homologue
concentrations are also reported. Calculate the total concentration of each homologous
series of PCDDs/PCDFs as follows:

12.7.1. Total Concentration = sum of the concentrations of every positively identified
isomer of each PCDD/PCDF homologous series.

12.7.2. The total must include the non-2,3,7,8-substituted isomers as well as the
2,3,7,8-substituted isomers that are also reported separately.

If the area of any internal standard in a diluted sample is less than 10:1 signal to noise,
and re-extraction or post-dilution of internal standards will not improve results the
unlabeled PCDD/PCDF concentrations in the sample may be estimated using the
formula below. The purpose is to ensure that there is an adequate MS response for
quantitation in a diluted sample.

12.8.1. All matrices other than water:
Qrs X (Anl + An2 )X D
WX(A +Ar52)XRRFrs

1sl

Conc. (ug/kg) =

12.8.2. Water matrices:

Qrs ><(IAnl +An2)x D
VX (A +Ar52)x RRFrs

sl

Conc. (ng/L) =

Where:
D = Dilution factor.
(See Section 10.5 and 12.6 for identification of the rest of the terms.)
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12.8.2.1. The RRF,; method of quantitation is only used when the sample is
diluted to the extent that the S/N ratio for the internal standard is less
than 10.0.

Report results for soil/sediment, fly ash, and chemical waste samples in micrograms

per kilograms (ug/kg) or nanograms per gram (ng/g) and water samples in nanograms
per liter (ng/L).

Calculate the percent recovery for each internal standard and the cleanup standard in
the sample extract, Rjs, using the following formula:

= Qrs X (Aisl +Ai52)
) (A + ArsZ )>< RRFis X Qis

sl

x100%

(See Sections 10.5.5 and 12.2 for identification of the terms.)

NOTE: When calculating the recovery of the 3 7Cl-2,3,7,8-TCDD cleanup standard,
only one m/z is monitored for this standard; therefore only one peak will be used in the
numerator of this formula. Use both peak areas for the 13C-1,2,3,4-TCDD recovery
standard in the denominator.

Sample Specific Reporting Limits (Contract Required Quantitation Limits)

12.11.1. See Table 1 for RL for each PCDF and PCDD analyte based on the nominal
sample size amount. The calculation for a true sample size is as follows:

12.11.2. All matrices except water:

1 F
RL(ug/kg) = CClys xFV

12.11.3. Water matrices:

1 F
RL(ng/L) = CCN+XV

Where:

CClns = Concentration of PCDF or PCDD analyte of interest CC1 of
the calibration curve.

FV = The final volume of the extract.
w = The weight of the solid matrix.
A% = The volume of the aqueous matrix.

Sample Specific Estimated Detection Limits

12.12.1. The sample specific Estimated Detection Limit (EDL) is the estimate made by
the laboratory of the concentration of a given analyte required to produce a
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signal with a peak height of at least 2.5 times the background signal level.
The estimate is specific to a particular analysis of the sample and will be
affected by sample size, dilution, etc.

12.12.2. An EDL is calculated for each 2,3,7,8-substituted isomer that is not identified,
regardless of whether or not non-2,3,7,8-substituted isomers in that
homologous series are present. The EDL is also calculated for 2,3,7,8-
substituted isomers giving responses for both the quantitation ions that are less
than 2.5 times the background level.

12.12.3. Using the formula below to calculate an EDL for each absent 2,3,7,8-
substituted PCDD/PCDF. The background level (Hx) is determined by
measuring the height of the noise at the expected retention times of both
quantitation ions of the particular 2,3,7,8-substituted isomer. The expected
retention time is determined from the most recent analysis of the CC3
standard on the same GC/MS system.

12.12.3.1. All matrices other than water:

2.5><Q><(HXl +HX2)
Wx(H,, +H,, )xRRF,

isl

EDL (ug/kg) =

12.12.3.2. Water matrices:

2.5xQx(H, +H,)
Vx(H,, +H,,)xRRE,

isl

EDL (ng/L)=

Where:

Hyx1,Hx, = Peak heights of the noise for both of the quantitation ions of
the 2,3,7,8-substituted isomer of interest.

His1,His» = Peak heights of both the quantitation ions of the appropriate
internal standards.

NOTE: If the congener class is non-detect, the largest relative response
factor (RRF) for that class will be used to calculate the congener’s estimated
detection limit.

12.13. Toxicity Equivalency Factor (TEF) Calculation

12.13.1. The 2,3,7,8-TCDD toxicity equivalence of PCDDs/PCDFs present in the
sample is calculated according to the method recommended by the
Chlorinated Dioxins Workgroup (CDWG) of the EPA and the Centers for
Disease Control (CDC). This method assigns a 2,3,7,8-TCDD toxicity
equivalency factor to each of the seventeen 2,3,7,8-substituted PCDDs/PCDFs
shown in Table 1. The 2,3,7,8-TCDD toxicity equivalence of the
PCDDs/PCDFs present in the sample are calculated by summing the product
of the TEF and the concentration for each of the compounds listed in Table 1.

Company Confidential & Proprietary



12.14.

12.13.2.

12.13.3.

SOP No. WS-ID-0011, Rev. 4
Effective Date: 10/03/2008
Page No.: 23 of 33

The exclusion of homologues such as mono-, di-, tri-, and the non-2,3,7,8-
substituted isomers in the higher homologous series do not mean that they are
not toxic. Their toxicity, as estimated at this time, is much less than the
toxicity of the compounds listed in Table 1. Hence, only 2,3,7,8-substituted
isomers are included in the TEF calculations. The procedure for calculating
the 2,3,7,8-TCDD toxic equivalence cited above is not claimed by the
CDWG to be based on a thoroughly established scientific foundation. Rather,
the procedure represents a “Consensus Recommendation on Science Policy.”

When calculating the 2,3,7,8-TCDD toxicity equivalence of a sample, include
only those 2,3,7,8-substituted isomers that were detected in the sample and
met all of the qualitative identification criteria in Section 11.8. Do not include
EMPC or EDL values in the TEF calculations.

Due to a variety of situations that may occur during method performance, the
laboratory is required to reextract and reanalyze certain samples or groups of samples.
Except in the case of dilutions, the term “rerun” shall indicate sample extraction,
cleanup, and reanalysis. When dilutions are required, the original extract shall be
diluted and reanalyzed.

12.14.1.

12.14.2.

12.14.3.

When the rerun is required due to matrix effects, interferences, or other
problems encountered, the client, upon authorization to perform, will pay the
laboratory for the reruns. When the rerun is required due to laboratory
materials, equipment or instrumentation problems, or lack of laboratory
adherence to specified method procedures, then the rerun shall not be billable.

The following sample reruns may be required as defined below:

12.14.2.1.1If the original sample has a percent recovery of any internal
standard or the cleanup standard outside of the range of 25-150%,
then re-extraction and reanalysis may be required. If signal to noise
of the internal standards is >10:1 the samples should be evaluated
for possible adverse impact. If deemed unacceptable the samples
shall be re-extracted upon client approval.

12.14.2.2.1f the internal standards are not present with at least a 10:1 S/N ratio
at their respective m/z’s (316, 318, 332, 334, 402, 404, 420, 422,
470, and 472), then re-extraction and reanalysis are required. If the
37Cl1-2,3,7,8-TCDD is not present with at least a 10/1 S/N ratio at
m/z 328, then re-extraction and reanalysis may be required.

If the calculated concentration of the unlabeled PCDDs/PCDFs exceeded the
initial calibration range, the sample may be diluted and reanalyzed.
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Note: Some programs, such as DOD QSM, require all compounds to be
within the linear calibration range in which a serial dilution must be
performed to achieve acceptable quantitation.

METHOD PERFORMANCE

13.1.

13.2.

13.3.

13.4.

13.5.

13.6.

The group/team leader has the responsibility to ensure that this procedure is performed
by an associate who has been properly trained in its use and has the required expertise.

Method Detection Limit

The laboratory must generate a valid method detection limit for each analyte of
interest. The MDL must be below the reporting limit for each analyte. The procedure
for determination of the method detection limit is given in 40 CFR Part 136, Appendix
B, and further defined in SOP WS-QA-0006. MDLs are available in the Quality
Assurance Department.

Initial Demonstration

The laboratory must make an initial demonstration of capability for each individual
method. Demonstration of capability for both soil and water matrices is required. This
requires analysis of QC check samples containing all of the standard analytes for the
method. For some tests it may be necessary to use more than one QC check mix to
cover all analytes of interest.

13.3.1. Four aliquots of the QC check sample are analyzed using the same procedures
used to analyze samples, including sample preparation. The concentration of
the QC check sample should be less than or equivalent to the LCS samples.

13.3.2. Calculate the average recovery and standard deviation of the recovery for each
analyte of interest. Compare these to the laboratory generated QC Limits.

If any analyte does not meet the acceptance criteria the test must be repeated. Only
those analytes that did not meet criteria in the first test need to be evaluated. Repeated
failure for any analyte indicates the need for the laboratory to evaluate the analytical
procedure and take corrective action.

It must be documented that all applicable system performance criteria specified were
met before analysis of any sample is performed. Section 10 provides recommended
GC conditions that can be used to satisfy the required criteria.

The retention times for the switching of SIM ions characteristic of one homologous
series to the next higher homologous series must be indicated in the SICP. Accurate
switching at the appropriate times is absolutely necessary for accurate monitoring of
these compounds.
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14. POLLUTION CONTROL

15.

16.

17.

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize
waste generated (i.e., examine recycling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

WASTE MANAGEMENT

Waste management practices are conducted consistent with all applicable rules and
regulations. Excess reagents, samples and method process wastes are disposed of in an
accepted manner. Waste description rules and land disposal restrictions are followed. Waste
disposal procedures are incorporated by reference to SOP WS-EHS-0001. The following
waste streams are produced when this method is carried out.

15.1. Autovials containing tetradecane extracts. As the autovials are removed from the
instrument after analysis, they are collected in archive boxes and retained pending
additional instructions. When no longer needed, the archive boxes are emptied into
vial drums. When full or after no more than one year, the vial drums are moved to the
waste disposal area for disposal as PCB waste.

REFERENCES/CROSS REFERENCES

16.1. Document Number DFLM 01.0, including Revision DFLM 01.1 (September 1991).

16.2. Update of Toxicity of Equivalency Factors (TEFs) for Estimating Risks Associated
with Exposures to Mixtures of Chlorinated Dibenzo-p-dioxins and Dibenzofurans
(CDDs/CDFs), EPA 625/3-89/016 (March 1989).

16.3. SW-846, Method 8280A, Update III, December 1996.

16.4. SW-846, Method 8280B, Revision 1, February 2007.

16.5. WS-QA-0023, Nonconformance and Corrective Action System

METHOD MODIFICATIONS

Unless otherwise specified, the modifications below apply to both method 8280A and method
8280B.

17.1. The levels of pentachlorinated dioxins and furans are at 0.25, 0.625, 1.25, 2.5 and 5.0
in the calibration solutions as opposed to the method specified levels of 0.1, 0.25, 0.5,

1.0 and 2.0. (See Table 3) This adjustment aligns the calibration solutions with the
RLs.
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The levels of the hexa- to heptachlorinated isomers were adjusted from 1.2 ng/puL to
0.5 ng/uL in the window defining mixture. (See Table 4)

The stock solution concentrations and volumes added to extracts were adjusted for ease
of application.

RL convention has been added in Section 12.7 to be used as a Lower Calibration
Reporting Limit instead of reporting each analyte to zero using the EDL calculation in
Section 12.8. This will give an optional reporting technique.

When any internal standard recovery is outside the 25-150% window, the reference
methods state that re-extraction and reanalysis are necessary. This SOP uses a 10:1
signal to noise criterion to determine whether a re-extraction is necessary.

Method 8280A only: All analytes are present in each calibration level, not just in the
CC3 level. Consequently, RRFs and RSDs are calculated for each unlabelled
compound.

18. ATTACHMENTS

19.

18.1.

18.2.

18.3.

18.4.

18.5.

18.6.

Table 1 — Target Compound List and Reporting Limits
Table 2 — Criteria for Isotopic Ratio Measurements for PCDDs/PCDFs
Table 3 — Concentration of Calibration Solutions

Table 4 — PCDD/PCDF Isomers in the Window Defining Mix for a 60M DB-5 (or
equivalent) Column

Table 5 — Matrix Spiking Solution

Table 6 — Internal Standard, Recovery Standard, and Cleanup Standard Solutions

REVISION HISTORY

19.1.

19.2.

WS-ID-0011, Revision 4, Effective 10/03/2008

19.1.1. Updated to address running the method on a HiRes instrument.
19.1.2. Editorial changes.

19.1.3. Changes made to incorporate Method 8280B.

WS-ID-0011, Revision 3.2, Effective 4/09/2008

19.2.1. Added South Carolina rule to prepare an MS/MSD with every batch.

Company Confidential & Proprietary



19.3.
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19.5.
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19.7.
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WS-ID-0011, Revision 3.1, Effective 6/27/2007
19.3.1. Updated to TestAmerica format.
SAC-ID-0011, Revision 3.1, Effective 6/27/2007
19.4.1. Updated to comply with DoD QSM.
SAC-ID-0011, Revision 3, Effective 1/31/2007

19.5.1. The preparation portion of the method was removed from this SOP into a
separate SOP, SAC-IDP-0011.

SAC-ID-0011, Revision 2, Effective 5/5/2003
SAC-ID-0011, Revision 1.1, Effective 12/7/2001

SAC-ID-0011, Revision 1, Effective 10/15/1998
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Table 1
Target Compound List (TCL) and Reporting Limits® (RL)
PCDD/PCDF CAS Number | Water (ng/L) | Soil (ug/Kg) Chemical Waste
1L Sample | 10g Sample (ng/Kg)
Size Size 0.1g Sample Size
2,3,7,8-TCDD 1746-01-6 5 0.5 50
2,3,7,8-TCDF 51207-31-9 5 0.5 50
1,2,3,7,8-PeCDF 57117-41-6 12.5 1.25 125
1,2,3,7,8-PeCDD 40321-76-4 12.5 1.25 125
2,3,4,7,8-PeCDF 57117-31-4 12.5 1.25 125
1,2,3,4,7,8-HXCDF 70648-26-9 12.5 1.25 125
1,2,3,6,7,8-HxCDF 57117-44-9 12.5 1.25 125
1,2,3,4,7,8-HxCDD 39227-28-6 12,5 1.25 125
1,2,3,6,7,8-HxCDD 57653-85-7 12.5 1.25 125
1,2,3,7,8,9-HxCDD 19408-74-3 12.5 1.25 125
2,3,4,6,7,8-HXCDF 60851-34-5 12.5 1.25 125
1,2,3,7,8,9-HxCDF 72918-21-9 12.5 1.25 125
1,2,3,4,6,7,8-HpCDF 67562-39-4 12.5 1.25 125
1,2,3,4,6,7,8-HpCDD 35822-46-9 12.5 1.25 125
1,2,3,4,7,8,9-HpCDF 55673-89-7 12.5 1.25 125
OCDD 3268-87-9 25 25 250
OCDF 39001-02-0 25 2.5 250

1 All RL values listed here are based on the wet weight of the sample.
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Table 2a: LRMS Criteria for Isotopic Ratio Measurements for PCDDs/PCDFs
Analyte Associated Internal Selected M- Theoretical lon Control
Standard or recovery lons [COCI]+ Abundance Limits
standard
TCDD 13¢-2,3,7,8-TCDD 320/322 259 0.77 0.65-0.89
PeCDD 13¢-2,3,7,8-TCDD 356/358 293 1.55 1.32-1.78
HxCDD 13¢-1,2,3,6,7,8-HxCDD 390/392 327 1.24 1.05-1.43
HpCDD 13¢-1,2,3,6,7,8-HxCDD 424/426 361 1.04 0.88-1.20
OCDD 13¢c.ocpp 458/460 395 0.89 0.76-1.02
TCDF 13¢-2,3,7,8-TCDF 304/306 243 0.77 0.65-0.89
PeCDF 13¢-2,3,7,8-TCDF 340/342 277 1.55 1.32-1.78
HxCDF 13¢-1,2,3,4,7,8,9-HpCDF | 374/376 311 1.24 1.05-1.43
HpCDF 13¢-1,2,3,4,7,8,9-HpCDF | 408/410 345 1.04 0.88-1.20
OCDF 13¢c.ocpp 442/444 379 0.89 0.76-1.02
Internal Standards
13¢-2,3,7,8-TCDD 13¢-1,2,3,4-TCDD 332/334 0.77 0.65-0.89
13¢-1,2,3,7,8-PecDD @ 368/370 1.55 1.32-1.78
13¢-1,2,3,4,7,8-HxCDD @ 402/404 1.24 1.05-1.43
13¢-1,2,3,6,7,8-HxCDD 13¢-1,2,3,7,8,9-HxCDD 402/404 1.24 1.05-1.43
13¢-1,2,3,4,6,7,8-HpcDD @ 436/438 1.04 0.88-1.20
13c-ocop 13¢-1,2,3,7,8,9-HxCDD 470/472 0.89 0.76-1.01
13¢-2,3,7,8-TCDF 13¢-1,2,3,4-TCDD 316/318 0.77 0.65-0.89
13¢-1,2,3,7,8-PeCDF ® 352/354 1.55 1.32-1.78
13¢-2,3,4,7,8-PeCDF ® 352/354 1.55 1.32-1.78
13¢-1,2,3,4,7,8-HxCDF @ 384/386 0.51 0.43-0.59
13¢-1,2,3,6,7,8-HxCDF @ 384/386 0.51 0.43-0.59
13¢-2,3,4,6,7,8-HxCDF @ 384/386 0.51 0.43-0.59
13¢-1,2,3,7,8,9-HxCDF @ 384/386 0.51 0.43-0.59
13¢-1,2,3,4,6,7,8-HpCDF 13¢-1,2,3,7,8,9-HxCDD 420/422 1.04 0.88-1.20
Recovery Standards
13¢-1,2,3,4-TCDD 332/334 0.77 0.65-0.89
13¢-1,2,3,7,8,9-HxCDD 402/404 1.24 1.05-1.43
Clean up Standards
37cl1-2,3,7,8-TCDD @ 13¢-1,2,3,4-TCDD 328

@ These extra internal standards are not mentioned in Method 8280A. These may be used to improve the
method ruggedness and if interferences from these in other ions are not seen or significant.

@ There is only one quantitation ion monitored for the cleanup standard.
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Table 2b: HRMS Criteria for Isotopic Ratio Measurements for PCDDs/PCDFs

Analyte Associated Internal Selected lons M- Theoretical lon Control
Standard or recovery [COCI]+ Abundance Limits
standard
TCDD 13¢-2,3,7,8-TCDD 319.8965/321.8936 | 258.9298 0.77 0.65-0.89
PeCDD 13¢-2,3,7,8-TCDD 355.8546/357.8516 | 290.8938 1.55 1.32-1.78
HxCDD 13¢-1,2,3,6,7,8-HxCDD 389.8157/391.8127 | 326.8519 1.24 1.05-1.43
HpCDD 13¢.1,2,3,6,7,8-HxCDD 423.7766/425.7737 | 360.8129 1.04 0.88-1.20
OCDD 13¢c.ocpp 457.7377/459.7348 | 394.7739 0.89 0.76-1.02
TCDF 13¢-2,3,7,8-TCDF 303.9016/305.8987 | 240.9379 0.77 0.65-0.89
PeCDF 13¢-2,3,7,8-TCDF 339.8597/341.8567 | 276.8959 1.55 1.32-1.78
HxCDF 13¢.1,2,3,4,7,8,9-HpCDF 373.8208/375.8178 | 310.8570 1.24 1.05-1.43
HpCDF 13¢-1,2,3,4,7,8,9-HpCDF 407.7818/409.7789 | 344.8180 1.04 0.88-1.20
OCDF 13¢c.ocpp 441.7428/443.7399 | 378.7790 0.89 0.76-1.02
Internal Standards
13¢-2,3,7,8-TCDD 13¢.1,2,3,4-TCDD 331.9368/333.9339 0.77 0.65-0.89
13¢-1,2,3,7,8-PecDD @ 367.8949/369.8919 1.55 1.32-1.78
13¢-1,2,3,4,7,8-HxCDD @ 401.8559/403.8529 1.24 1.05-1.43
13¢-1,2,3,6,7,8-HXxCDD 13¢-1,2,3,7,8,9-HxCDD 401.8559/403.8529 1.24 1.05-1.43
13¢-1,2,3,4,6,7,8-HpcDD @ 435.8169/437.8140 1.04 0.88-1.20
13c-ocop 13¢-1,2,3,7,8,9-HxCDD 469.7779/471.7750 0.89 0.76-1.01
13¢-2,3,7,8-TCDF 13¢-1,2,3,4-TCDD 315.9419/317.9389 0.77 0.65-0.89
13¢-1,2,3,7,8-PeCDF © 351.9000/353.8970 1.55 1.32-1.78
13¢-2,3,4,7,8-PeCDF © 351.9000/353.8970 1.55 1.32-1.78
13¢-1,2,3,4,7,8-HxCDF @ 383.8639/385.8610 0.51 0.43-0.59
13¢-1,2,3,6,7,8-HxCDF @ 383.8639/385.8610 0.51 0.43-0.59
13¢-2,3,4,6,7,8-HxCDF @ 383.8639/385.8610 0.51 0.43-0.59
13¢-1,2,3,7,8,9-HxCDF @ 383.8639/385.86106 0.51 0.43-0.59
13¢-1,2,3,4,6,7,8-HpCDF 13¢.1,2,3,7,8,9-HxCDD 417.8253/419.8220 0.44 0.37-0.51
Recovery Standards
13¢-1,2,3,4-TCDD 331.9368/333.9339 0.77 0.65-0.89
13¢-1,2,3,7,8,9-HxCDD 401.8559/403.8529 1.24 1.05-1.43
Clean up Standards
37cl1-2,3,7,8-TCDD @ 13¢-1,2,3,4-TCDD 327.8847

@ These extra internal standards are not mentioned in Method 8280A. These may be used to improve the

method ruggedness and if interferences from these in other ions are not seen or significant.
@ There is only one quantitation ion monitored for the cleanup standard.
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Table 2c: Masses for Diphenyl Ether Interference Identification

Analyte Selected lon Selected
HRMS lon
LRMS
TCDF 375.8364 376
PeCDF 409.7974 410
HxCDF 445.7555 446
HpCDF 479.7165 480
OCDF 513.6775 514
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Table 3
Concentration of Calibration Solutions (ng/ulL)
Analyte cc1 cc2 ccs3 cca ccs
2,3,7,8-TCDD 0.1 0.25 0.5 1.0 2.0
2,3,7,8-TCDF 0.1 0.25 0.5 1.0 2.0
1,2,3,7,8-PeCDF 0.25 0.625 | 1.25 2.0 5.0
1,2,3,7,8-PeCDD 0.25 0.625 | 1.25 2.0 5.0
2,3,4,7,8-PeCDF 0.25 0.625 | 1.25 2.0 5.0
1,2,3,4,7,8-HXCDF 0.25 0.625 | 1.25 2.0 5.0
1,2,3,6,7,8-HXCDF 0.25 0.625 | 1.25 25 5.0
1,2,3,4,7,8-HxCDD 0.25 0.625 | 1.25 25 5.0
1,2,3,6,7,8-HxCDD 0.25 0.625 | 1.25 25 5.0
13C-1,2,3,4-TCDD 0.5 0.5 0.5 0.5 0.5
13C-1,2,3,7,8,9-HXCDD 0.5 0.5 0.5 0.5 0.5
1,2,3,4,7,8,9-HpCDF 0.25 0.625 | 1.25 25 5.0
1,2,3,4,6,7,8-HpCDF 0.25 0.625 | 1.25 25 5.0
1,2,3,4,6,7,8-HpCDD 0.25 0.625 | 1.25 25 5.0
OCDD 0.5 1.25 25 5.0 10.0
OCDF 0.5 1.25 25 5.0 10.0
3¢.2,3,7,8-TCDD 0.5 0.5 0.5 0.5 0.5
13¢-2,3,7,8-TCDF 0.5 0.5 0.5 0.5 0.5
3¢c-1,2,3,7,8-PeCDF ¥ 0.5 0.5 0.5 0.5 0.5
3c.2,3,4,7,8-PeCDF @ 0.5 0.5 0.5 0.5 0.5
3¢c-1,2,3,7,8-PecDD ™ 0.5 0.5 0.5 0.5 0.5
3¢.1,2,3,4,7,8-HxCDF ¥ 0.5 0.5 0.5 0.5 0.5
3¢-1,2,3,6,7,8-HXCDF ¥ 0.5 0.5 0.5 0.5 0.5
13¢-2,3,4,6,7,8-HxCDE ¥ 0.5 0.5 0.5 0.5 0.5
3¢-1,2,3,7,8,9-HxCDF ¥ 0.5 0.5 0.5 0.5 0.5
3¢-1,2,3,4,7,8-HxcDD ¥ 0.5 0.5 0.5 0.5 0.5
13¢-1,2,3,6,7,8-HXCDD 0.5 0.5 0.5 0.5 0.5
3¢-1,2,3,4,6,7,8-HpCDF 0.5 0.5 0.5 0.5 0.5
3c.1,2,3,4,6,7,8-HpcDD ¥ 0.5 0.5 0.5 0.5 0.5
Bc-ocDpD 1.0 1.0 1.0 1.0 1.0
3¢-1,2,3,4-TCDD 0.5 0.5 0.5 0.5 0.5
13¢-1,2,3,7,8,9-HXCDD 0.5 0.5 0.5 0.5 0.5
%/Cl-2,3,7,8-TCDD 0.25 0.25 0.25 0.25 0.25

@ These extra internal standards are not mentioned in Method 8280A. These may be used to improve the method
ruggedness and if interferences from these in other ions are not seen or significant.
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Table 4
PCDD/PCDF Isomers in the Window Defining Mix for A 60M DB-5 (or equivalent) Column
Homologue First Eluted Last Eluted Approximate Concentration (ng/pL)
TCDD 1,3,6,8- 1,2,8,9- 0.5
TCDF 1,3,6,8- 1,2,8,9- 0.5
PeCDD 1,2,4,7,9- 1,2,3,8,9- 0.5
PeCDF 1,3,4,6,8- 1,2,3,8,9- 0.5
HxCDD 1,2,4,6,7,9- 1,2,3,4,6,7- 0.5
HxCDF 1,2,3,4,6,8- 1,2,3,4,8,9- 0.5
HpCDD 1,2,3,4,6,7,9- 1,2,3,4,6,7,8- 0.5
HpCDF 1,2,3,4,6,7,8- 1,2,3,4,7,8,9- 0.5
Table 5
Matrix Spiking Solution

Analyte Concentration (ng/uL)

2,3,7,8-TCDD 0.5

2,3,7,8-TCDF 0.5

1,2,3,7,8-PeCDF 1.25

1,2,3,7,8-PeCDD 1.25

1,2,3,6,7,8-HxCDF 1.25

1,2,3,6,7,8-HxCDD 1.25

1,2,3,4,6,7,8-HpCDF 1.25

1,2,3,4,6,7,8-HpCDD 1.25

OCDD 25

OCDF 2.5

This solution is prepared in isooctane (or nonane) and diluted with acetone prior to use. Only the ten isomers
listed above will be used for evaluation. All seventeen 2,3,7,8-substituted isomers are incorporated into the
matrix spike solution.
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1. SCOPE AND APPLICATION

I1.1.

1.2.

This procedure is appropriate for the extraction of tetra-, penta-, hexa-, hepta-, and
octachlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) in water, soil,
sediment, fly ash, and chemical waste samples in accordance with methods 8280A and
8280B. Sample extracts are subjected to specified cleanup procedures.

The analytical method requires the use of high resolution gas chromatography and low
resolution mass spectrometry per methods 8280A or 8280B, as detailed in SOP WS-
ID-0011.

2. SUMMARY OF METHOD

2.1.

2.2.

3.1.

3.2

3.3.

A specified amount of water, soil, sediment, fly ash or chemical waste samples is
spiked with the internal standard solution. Soil, sediment, fly ash or chemical waste
samples are extracted with toluene in a combination of Soxhlet extractor (or equivalent
Soxtherm system) with a Dean Stark water separator (SDS). Waste samples that fully
dissolve in an organic solvent are diluted, then proceed to clean up. Aqueous samples
are filtered prior to extraction, and the glass fiber (or cellulose) filter paper extracted as
a solid. The filtered aqueous fraction is extracted with methylene chloride using a
separatory funnel.

Following a solvent exchange step, the extract may be cleaned up by a variety of
column chromatographic procedures (including acid-base washing treatment, silica gel,
acid alumina, and carbon/silica columns) to eliminate sample components that may
interfere with the detection and measurement of PCDDs/PCDFs. Immediately prior to
cleanup, all extracts are spiked with a cleanup standard. The recovery standards are
added to the aliquot and the extract is reduced to a final volume of 50puL of tetradecane.

DEFINITIONS

Definitions of terms used in this SOP may be found in the glossary of the Quality
Assurance Manual (QAM).

Data qualifiers are defined on each data report. Commonly used data qualifiers are
defined in the QAM.

Internal Standards: Internal standards are isotopically labeled analogs which are present
at the same concentration in every blank, field sample, quality control sample, and
calibration solution. The internal standards are added to the sample before extraction
and are used to measure the concentrations of the analytes.
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INTERFERENCES

4.1.  Sample components may interfere with the detection and measurement of
PCDDs/PCDFs. To reduce interferences, the extract may be cleaned up by a variety of
column chromatographic procedures.

4.2.  Solvents, reagents, glassware, and other sample processing hardware may yield
discrete artifacts and/or elevated baselines which may cause misinterpretation of the
chromatographic data. All of these materials shall be demonstrated to be free from
interferences under the conditions of analysis by running laboratory method blanks.
Analysts must avoid using PVC gloves due to the possibility of contamination.

4.3.  The use of high purity reagents and solvents helps to minimize interference problems.
Purification of solvents by distillation in all glass systems may be necessary.

SAFETY

Employees must abide by the policies and procedures in the Corporate Environmental Health
and Safety Manual (CW-E-M-001), the West Sacramento Addendum to the Corporate EH&S
Manual (WS-PEHS-002) and this document. This procedure may involve hazardous material,
operations and equipment. This SOP does not purport to address all of the safety problems
associated with its use. It is the responsibility of the user of the method to follow appropriate
safety, waste disposal and health practices under the assumption that all samples and reagents
are potentially hazardous. Safety glasses, gloves, lab coats and closed-toes, nonabsorbent
shoes are a minimum.

5.1.  Specific Safety Concerns or Requirements

5.1.1.  When Dean-Stark/Soxhlet clean-ups or extractions are performed overnight or
unattended, special precautions must be taken. Open the chiller valves to the
system about 15 minutes before the heating elements are turned on, and check
every condenser to ensure that it is cold and functioning properly before
turning the heating elements on. Check every condenser again about 15
minutes after turning the heating elements on to ensure that they are still cold
and functioning properly. If the system is left operating overnight or
unattended for an extended period, the first chemist to come back into the lab
must again check every condenser to ensure that it is still cold and functioning

properly.

5.1.2.  Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically
resistant gloves must be worn while samples, standards, solvents, and reagents
are being handled. Latex and vinyl gloves provide no protection against most
of the organic solvents used in this method. Nitrile or similar gloves must be
used. Latex gloves may be used for methanol.
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Exposure to chemicals must be maintained as low as reasonably achievable;
therefore all samples must be opened, transferred and prepared in a fume
hood. Solvent and waste containers will be kept closed unless transfers are
being made.

Laboratory procedures such as the repetitive use of pipettes, the repetitive
transferring of extracts and the manipulation of filled separatory funnels and
other glassware represent a significant potential for repetitive motion or other
ergonomic injuries. Laboratory associates performing these procedures are in
the best position to realize when they are at risk for these types of injuries.
Whenever a situation is found in which an employee is performing the same
repetitive motion, the employee shall immediately bring this to the attention of
their supervisor, manager, or the EH&S staff. The task will be analyzed to
determine a better means of accomplishing it.

The use of separatory funnels to extract aqueous samples with methylene
chloride creates excessive pressure very rapidly. Initial venting should be
done immediately after the sample container has been sealed and inverted.
Vent the funnel into the hood away from people and other samples. This is
considered a high-risk activity, and a face shield must be worn over safety
glasses or goggles when it is performed.

Assembly and disassembly of glassware creates a risk of breakage and cuts.
All staff members shall wear Kevlar or similar cut-resistant gloves over
chemically resistant gloves when assembling and disassembling glassware.

Finely divided dry soils contaminated with PCDDs and PCDFs are particularly
hazardous because of the potential for inhalation and ingestion. Such samples
are to be processed in a confined environment, such as a hood or a glove box.

The use of vacuum systems during rotovap concentration presents the risk of
imploding glassware. All glassware used during vacuum operations must be
thoroughly inspected prior to each use. Glass that is chipped, scratched,
cracked, rubbed or marred in any manner must not be used under vacuum. It
must be removed from service and replaced.

Primary Materials Used

The following is a list of the materials used in this method, which have a serious or
significant hazard rating. NOTE: This list does not include all materials used in
the method. The table contains a summary of the primary hazards listed in the
MSDS for each of the materials listed in the table. A complete list of materials used
in the method can be found in the reagents and materials section. Employees must
review the information in the MSDS for each material before using it for the first time
or when there are major changes to the MSDS.
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Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Acetone Flammable 1000 ppm- Inhalation of vapors irritates the respiratory tract.
TWA May cause coughing, dizziness, dullness, and
headache.
Cyclohexane | Flammable 300 ppm Inhalation of vapors causes irritation to the
Irritant TWA respiratory tract. Symptoms may include coughing,
shortness of breath. High concentrations have a
narcotic effect.
Hexane Flammable 500 ppm- Inhalation of vapors irritates the respiratory tract.
Irritant TWA Overexposure may cause lightheadedness, nausea,
headache, and blurred vision. Vapors may cause
irritation to the skin and eyes.
Hydrochloric | Corrosive 5 ppm- Inhalation of vapors can cause coughing, choking,
acid (1) Poison Ceiling inflammation of the nose, throat, and upper
respiratory tract, and in severe cases, pulmonary
edema, circulatory failure, and death. Can cause
redness, pain, and severe skin burns. Vapors are
irritating and may cause damage to the eyes.
Contact may cause severe burns and permanent eye
damage.
Isooctane Flammable None Inhalation of vapors may cause nausea, headache,
Irritant established dizziness, loss of consciousness, irritation to upper
respiratory tract, pain in throat and nose, coughing,
wheezing, shortness of breath.
Methanol Flammable 200 ppm- A slight irritant to the mucous membranes. Toxic
Poison TWA effects exerted upon nervous system, particularly the
Irritant optic nerve. Symptoms of overexposure may include
headache, drowsiness and dizziness. Methyl alcohol
is a defatting agent and may cause skin to become
dry and cracked. Skin absorption can occur;
symptoms may parallel inhalation exposure. Irritant
to the eyes.
Methylene Carcinogen 25 ppm-TWA | Causes irritation to respiratory tract. Has a strong
chloride Irritant 125 ppm- narcotic effect with symptoms of mental confusion,
STEL light-headedness, fatigue, nausea, vomiting and
headache. Causes irritation, redness and pain to the
skin and eyes. Prolonged contact can cause burns.
Liquid degreases the skin. May be absorbed through
skin.
Sodium Corrosive 2 ppm, This material will cause burns if it comes into contact
hydroxide Poison 5 mg/m® with the skin or eyes. Inhalation of Sodium
Hydroxide dust will cause irritation of the nasal and
respiratory system.
Sulfuric acid | Corrosive 1 mg/m® This material will cause burns if it comes into contact
(1) Oxidizer with the skin or eyes. Inhalation of vapors will cause
Dehydrator irritation of the nasal and respiratory system.
Tetradecane | Irritant None Inhalation of vapors may cause difficulty breathing,
established headache, intoxication and central nervous system

damage.
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Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Toluene Flammable 200 ppm- Inhalation may cause irritation of the upper
Poison TWA respiratory tract. Symptoms of overexposure may
Irritant 300 ppm- include fatigue, confusion, headache, dizziness and
Ceiling drowsiness. Peculiar skin sensations (e. g. pins and
needles) or numbness may be produced. Causes
severe eye and skin irritation with redness and pain.
May be absorbed through the skin.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

6. EQUIPMENT AND SUPPLIES
6.1.  Filters
6.1.1.  Glass wool, methylene chloride rinsed
6.1.2.  Glass fiber filter (or equivalent): 15 cm
6.1.3.  Whatman #1 (or equivalent)
6.1.4.  White quartz sand. 60/70 mesh, used in the SDS extractor.
6.2.  Glass wool, silanized.
6.3.  Miscellaneous clean glassware
6.4.  Dean Stark water separator apparatus.
6.5.  Concentrator tubes, 19 mm x 150 mm culture tubes (or equivalent).
6.6.  Separatory funnels, 500 mL and 2 L separatory funnels with a Teflon stopcock.

6.7.  Soxhlet apparatus, 500 mL flask, all glass - Complete with glass extractor body,
condenser, heating mantle and variable transformer for heat control.

6.8.  Teflon® boiling chips

6.9.  Buchner funnel, 15 cm

6.10. Filtration flask, 1 L capacity (if needed)
7. REAGENTS AND STANDARDS

7.1. Solvents: High purity, distilled-in-glass: hexane, methanol, methylene chloride,
toluene, isooctane, cyclohexane, acetone, and tetradecane.
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7.4.
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Sodium sulfate: granular, anhydrous: rinse with methylene chloride.

Sodium hydroxide, ACS grade

7.3.1.

7.3.2.

Prepare a 10 N solution in distilled water.

Prepare a 1 N solution in distilled water.

Sulfuric acid, concentrated ACS grade, specific gravity 1.84

Hydrochloric acid, concentrated ACS grade, specific gravity 1.17. Preparea 1 N
solution in distilled water for pretreatment of fly ash samples.

Column chromatography reagents

7.6.1.

7.6.2.

7.6.3.

7.6.4.

7.6.5.

Alumina, acidic: ICN activated AA, Super I, ICN Biomedical or equivalent

Activated carbon: EM Science or equivalent. Carbon is cleaned by rinsing
with methanol and drying in an oven. Store dry, cleaned carbon in Teflon
lined clear glass jar at room temperature.

Silica gel: high purity grade silica gel 60, 70-230 mesh or equivalent. Activate
for up to 12 hours at 190°C before use. Store at 190°C in a covered flask.

Carbony/silica gel: Mix 5.0 g carbon and 95 g activated silica gel to yield a 5%
w/w carbon on silica (other weights may be used to achieve 5% w/w carbon
on silica). Store in a covered jar in a cool dry location.

H,SOy silica gel: Mix 44 g concentrated H,SO4 and 56 g activated silica gel to
yield a 44% w/w H,SO,4 on silica (other weights may be used to achieve 44%
w/w H,SOj on silica). Stir and shake until free flowing. Store at room
temperature.

Internal standard solution: The solution contains at least five internal standards in
isooctane at the nominal concentrations listed in Table 2. Extra Internal Standards may
include some or all of the additional labeled isomers listed in Table 2 to increase
method ruggedness. Stock solutions have a 10 year expiration date. Working
standards have a 1 year expiration date, and may be re-verified.

Recovery standard solution: The isooctane solution contains the recovery standards
13C-1,2,3,4-TCDD and *C-1,2,3,7,8,9-HxCDD at concentrations of 0.5 ng/uL.
Recovery standards are used to measure the recovery of the internal standards. Stock
solutions have a 10 year expiration date. Working standards have a 1 year expiration
date, and may be re-verified.
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The cleanup standard is a solution containing 37Cl-2,3,7,8-TCDD at a concentration of
0.25 ng/pL (0.25 pg/mL) in isooctane and is added to all sample extracts prior to
cleanup. The recovery of this compound is used to judge the efficiency of the cleanup
procedures. Stock solutions have a 10 year expiration date. Working standards have a
1 year expiration date, and may be re-verified.

The matrix spiking standard is a solution containing 10 of the 2,3,7,8-substituted
isomers at the concentrations listed in Table 1 in isooctane, and is used to prepare the
spiked sample aliquots. Dilute 50 uL of this standard to 1.0 mL with acetone and add
to the aliquot chosen for spiking. Stock solutions have a 10 year expiration date.
Working standards have a 1 year expiration date, and may be re-verified.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1.

8.2.

8.3.

8.4.

Protect samples from light at the time of receipt until extraction in order to minimize
the potential for photodecomposition.

All samples should be stored at 4° + 2°C in the dark and extracted within 30 days of
collection and completely analyzed within 45 days of extraction. If samples are
analyzed after the holding time expiration date, the results should be flagged
appropriately.

For method 8280B, samples should be stored at < 6 °C in the dark, and extracted within
30 days of collection, with analysis within 45 days of extraction.

For method 8280B, sample extracts should be stored at < 6 °C in the dark.

NOTE: The holding times listed in above are recommendations, as noted by the
method. PCDDs and PCDFs are very stable in a variety of matrices, and holding
times under the conditions listed above may be as high as a year for certain matrices.
Sample extracts, however, should always be analyzed within 45 days of extraction.

QUALITY CONTROL

9.1.

One method blank must be extracted with every process batch of similar matrix, not to
exceed twenty (20) samples. The method blank is an aliquot of laboratory matrix (e.g.
water, Ottawa sand, sodium sulfate, etc.) processed in the same manner and at the same
time as the associated samples. Corrective actions must be documented in a Non-
Conformance memo, then implemented when target analytes are detected in the
method blank above the reporting limit or when internal standard recoveries are outside
control limits. Re-extraction of the blank, other batch QC and the affected samples are
required when the method blank is deemed unacceptable. Refer to Policy WS-PQA-
0003 for specific acceptance criteria.
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Certain programs, such as DOD QSM, may require a more stringent evaluation of the
method blank, for instance, that the blank not contain any analytes of interest at a
concentration greater than 2 the lower calibration limit or the reporting limit.

9.1.1.  Re-extraction of the blank, QC and affected samples for some matrices
including wipes are generally not possible because the entire sample is
consumed in the initial extraction. Re-processing of the archive is the only
available check of the process in this case.

A Laboratory Control Sample (LCS) must be extracted with every process batch of
similar matrix, not to exceed twenty (20) samples. The LCS is an aliquot of laboratory
matrix (e.g. water, Ottawa sand, sodium sulfate, etc.) spiked with analytes of known
identity and concentration. The LCS must be processed in the same manner and at the
same time as the associated samples. Corrective actions must be documented in a Non-
Conformance memo, then implemented when the recoveries of any spiked analyte is
outside control limits. Re-extraction of the blank, other batch QC and all associated
samples are required if the LCS is deemed unacceptable. Refer to policy WS-PQA-
0003 for specific acceptance criteria.

The assessment of matrix effects on method performance, as required by NELAP, is
met, as in all isotope dilution techniques, with the use of isotopically labeled
compounds. These isotopically labeled compounds are analogs of target analytes and
are spiked into each sample. Therefore, matrix effects on method performance can be
judged by the recovery of these analogs. Sample analysis acceptance is controlled by
the performance of these analogs in each sample. A Matrix Spike/Matrix Spike
Duplicate (MS/MSD) pair is extracted at the client’s request only. An exception to this
rule is a batch containing South Carolina samples. These batches must have an
MS/MSD prepared. The MS/MSD are aliquots of a selected field sample spiked with
analytes of known identity and concentration. When requested by the client, the
MS/MSD shall be processed in the same manner and at the same time as the associated
samples. Corrective actions must be documented on a Non-Conformance memo, then
implemented when recovery of any spike analyte is outside control limits provided on
the LIMS or by the client. Re-extraction of the blank, the LCS, the selected field
sample, and the MS/MSD may be required after evaluation and review. Matrix Spike/
Matrix Spike Duplicates are not generally applicable for air samples due to the
difficulty in collecting identical or representative samples. An LCS/LCSD may be
extracted to show precision of the extraction and analysis process.

9.3.1.  Matrix Spike (MS): A sample that is spiked with a known amount of the
matrix spike fortification solution prior to the extraction step. The recoveries
of the matrix spike compounds are determined and used to estimate the effect
of the sample matrix upon the analytical methodology.

9.3.2. Matrix Spike Duplicate (MSD): A second portion of the same sample as used
in the matrix spike analysis and which is treated like the matrix spike sample.
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9.3.3.  Locate the sample for the MS and MSD analyses (the sample may be labeled
"double volume").

9.3.4. Add an appropriate volume of the matrix spike fortification solution, adjusting
the fortification level as specified in Table 1, under IS Spiking Levels.

9.3.5. Analyze the MS and MSD samples as described in Section 11.

9.3.6.  The results obtained from the MS and MSD samples (percent recovery and
concentrations of 2,3,7,8-substituted PCDDs/PCDFs) should agree within 20
percent relative difference. Report all results and flag outliers.

Duplicates

9.4.1. Upon client request, duplicates may be processed. Locate the sample specified
for duplicate analysis, and prepare and analyze a second 10 g soil or sediment
sample portion or 1-L water sample, or an appropriate amount of the type of
matrix under consideration. Duplicate samples are not generally applicable
for air samples due to the difficulty in collecting identical or representative
samples. A duplicate injection of a sample extract may be performed to
display instrument precision.

The results of the laboratory duplicates (percent recovery and concentrations of 2,3,7,8-
substituted PCDD/PCDF compounds) should agree within 25 percent relative
difference. Report all results and flag outliers.

10. CALIBRATION

10.1.

10.2.

On a monthly basis, calibrate any auto-pipettors to be used in accordance with SOP
WS-QA-0004.

On a daily basis, calibrate any balances to be used in accordance with SOP WS-QA-
0041.

11. PROCEDURE

11.1.

Procedural Variations

Procedural variations are allowed only if deemed necessary in the professional
judgment of the supervisor to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance memo and approved by a supervisor
and QA/QC manager. If contractually required, the client will be notified. The
Nonconformance memo will be filed in the project file.
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Any deviations from this procedure identified after the work has been completed must
be documented as a nonconformance, with a cause and corrective action described. A
Nonconformance memo shall be used for this documentation.

Soxhlet/Soxtherm-Dean Stark (SDS) Pre-Extraction

11.2.1. Do not bake the components of the SDS apparatus as part of routine cleaning.
Repeated baking of glassware can cause active sites on the glass surface to
absorb PCDDs/PCDFs and other analytes. All glass parts of the SDS
apparatus, including the thimbles (cellulose only), must be pre-extracted with
toluene for approximately three hours prior to use. For the Soxtherm, the
cleaning cycle can be anywhere from 1 hour to 3 hours based on QC results
from high level samples. Pre-extraction will ensure that the glassware is as
clean as possible and minimize cross contamination problems. Discard the
used toluene, or pool it for later analysis to verify the cleanliness of the
glassware.

11.2.1.1. The extraction of soil sediment, ash, and filtered particulates from
water samples will require the use of a Soxhlet thimble (or
equivalent).

WARNING: Open the chiller supply valves about 15 minutes before turning on
the heating element and ensure that all of the condensers are cold before you turn
the heating element on. Check all of the condensers about 15 minutes after
starting the heating process to ensure that they are still cold and functioning
properly. If this cleaning cycle is to be left unattended (e.q., overnight) the last
chemist to leave the department is to check all condensers to ensure that they are
cold and functioning properly, and the first chemist to arrive the next morning is
to check all condensers to ensure that they are still cold and functioning properly.

11.2.2. After pre-extraction for at least three hours, allow the apparatus to cool and
remove the thimble. Prepare the cleaned thimble with approximately 10 g of
cleaned quartz sand (for soil/sediment and ash samples only).

11.2.2.1. For South Carolina samples only, the extraction of soil/sediment, fly
ash, and particulates from water samples will require the use of a
Soxhlet thimble. See Section 11.2.1 for a discussion of pre-
extraction of glassware such as the SDS. Prior to pre-extraction,
prepare the thimble by adding 5 g of 70/230 mesh silica gel to the
thimble to produce a thin layer in the bottom of the thimble. This
layer will trap fine particles in the thimble. Add 80 — 100 g of
quartz sand on top of the silica gel, and place the thimble in the
extractor.

11.2.2.2. For South Carolina samples only, pre-extract the SDS for 3 hr. with
toluene, then allow the apparatus to cool and remove the thimble.
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Mix the appropriate weight of sample with the sand in the thimble,
being careful not to disturb the silica gel layer.

11.2.2.3. If the sample aliquot to be extracted contains large lumps or is
otherwise not easily mixed in the thimble, quartz sand can be added
to the sample and mixed in another container to break up the large
lumps.

11.2.2.4. If a sample with particularly high moisture content is to be
extracted, it may be helpful to leave a small conical depression in
the material in the thimble. This procedure will allow the water to
drain through the thimble more quickly during the early hours of the
extraction. As the moisture is removed during the first few hours of
extraction, the depression will collapse, and the sample can be
uniformly extracted.

Chemical Waste Sample Extraction

11.3.1. If a waste sample completely dissolves in an organic solvent, then this section
may be skipped. Proceed as described in Section 11.3.4.

11.3.2. Assemble a flask (500 mL), a Dean Stark trap, and a condenser, and pre-
extract per Section 11.2.

11.3.3. Oily Sludge/Wet Fuel Oil: Weigh about 1 g (or appropriate sample size) of
sample to two decimal places into a tared pre-extracted 500 mL flask. Add
internal standard solution (Table 2) to the sample in the flask. Attach the pre-
extracted Dean Stark water separator and condenser to the flask, and extract
the sample by refluxing it with approximately 100 mL of toluene for at least
three hours.

WARNING: Open the chiller supply valves about 15 minutes before turning on
the heating element and ensure that all of the condensers are cold before
proceeding. Check all of the condensers about 15 minutes after starting the
heating process to ensure that they are still cold and functioning properly. If this
cycle is to be left unattended (e.g., overnight) the last chemist to leave the
department is to check all condensers to ensure that they are cold and functioning
properly, and the first chemist to arrive the next morning is to check all
condensers to ensure that they are still cold and functioning properly.

11.3.3.1. Continue refluxing the sample until all the water has been removed.
Cool the sample, and filter the toluene extract through a rinsed glass
fiber filter into a 500 mL round bottom flask. Rinse the filter with
10 mL of toluene, and combine the extract and rinsate. Concentrate
the combined solution to less than 2 mL using a rotary evaporator as
described in Section 11.6.2.
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11.3.4. Waste Dilution: Weigh 1 g sample to 2 decimal places in a VOA vial. Add 40
mL of a suitable solvent to dissolve the waste. Mix. Remove 4 mL of the
solution and spike with internal standard. If MS/SD aliquots are requested,
spike these aliquots with the appropriate amounts of native solution. Proceed
to cleanups in Section 11.7.

Note: Different initial sample sizes and solvent volumes can be used provided the final
aliquot taken to cleanups contains 0.1 g of the sample or as required by expected
analyte concentration or client request.

Soil/Sediment/Filter Sample Extraction

11.4.1. An extremely wet sample may require centrifugation to remove standing water
before extraction.

11.4.2. Weigh about 10 g of soil to two decimal places and transfer to a pre-extracted
thimble (See Section 11.2). Mix the sample with the quartz sand and add
internal standard solution (See Table 2) to the sample/sand mixture. Add
small portions of the solution at several sites on the surface of the sample/sand
mixture.

11.4.2.1. For the filtered particulate portion of aqueous samples (See Section
11.5.1.1), add the filter to the cleaned extraction thimble into a pre-
extracted SDS apparatus. Do not add additional internal standard.

11.4.3. Place the thimble in the SDS apparatus. Add 200 mL-300 mL toluene to the
SDS apparatus and reflux for 16 hours. The solvent must cycle completely
through the system 5-10 times per hour.

WARNING: Open the chiller supply valves about 15 minutes before turning on
the heating element and ensure that all of the condensers are cold before
proceeding. Check all of the condensers about 15 minutes after starting the
heating process to ensure that they are still cold and functioning properly. If this
cycle is to be left unattended (e.g., overnight) the last chemist to leave the
department is to check all condensers to ensure that they are cold and functioning
properly, and the first chemist to arrive the next morning is to check all
condensers to ensure that they are still cold and functioning properly.

11.4.4. Alternative extraction using Soxtherm: Add approximately 175 mL of toluene
to the extraction beaker and set the apparatus to boil for 1 hour, reduce solvent
to 90 mL, reflux for an additional 1 hour, reduce solvent to10 mL to 20 mL,
then cool for approximately 30 minutes.

11.4.5. Alternative extraction using Soxtech: Add approximately 175 mL of toluene
to the extraction beaker and set the apparatus to boil for 1 hour, lift thimble
from solvent, reflux for an additional 1 hour, then cool for approximately 30
minutes.
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Estimate the percent solids content using WS-OP-0013, Determination of
Percent Moisture.

Concentrate this extract as described in Section 11.6.

11.4.7.1. For Aqueous filter portion, combine filter extract with aqueous
extract in Section 11.5.7.

Water Sample Extraction

11.5.1.

11.5.2.

11.5.3.

Allow the sample to reach ambient temperature. Weigh and record the bottle
for determination of initial volume. Add 1 mL of the internal standard
solution diluted in acetone (See Table 2) to the sample bottle. Cap the bottle
and mix the sample by gently shaking for 30 seconds. Filter the sample
through a glass fiber filter that has been rinsed with toluene. Reagent water
used as a blank must also be filtered in a similar fashion and subjected to the
same cleanup analysis as the water samples.

11.5.1.1. If the total dissolved and suspended solids contents are too much to
filter through the glass fiber filter, centrifuge the sample, decant, and
then filter the aqueous phase. Combine the solids from the
centrifuge bottle(s) with the particulate on the filter into an
extraction thimble and proceed to Section 11.4.2.1.

The filtered aqueous sample is poured into a 2 L separatory funnel. Add 100
mL methylene chloride to the sample bottle, seal, and shake for 60 seconds to
rinse the inner surface.

Transfer the solvent to the separatory funnel and extract the sample by shaking
the funnel for two minutes with periodic venting. Allow the organic layer to
separate from the water phase for a minimum of 10 minutes. If the emulsion
interface between layers is more than one-third the volume of the solvent
layer, the analyst shall employ mechanical techniques to complete the phase
separation (i.e. glass stirring rod) or chemical separation (i.e. introduction of
dilute acid or base, consult supervisor prior to proceeding with this procedure).

Warning: The use of separatory funnels to extract agueous samples with

methylene chloride creates excessive pressure very rapidly. Initial venting should

be done immediately after the sample container has been sealed and inverted.

Vent the funnel into the hood away from people or other samples. This is

considered a high-risk activity, and a face shield must be worn over safety glasses

or gogales when it is performed.

11.5.4.

Drain the methylene chloride extract into a 500 mL round bottom flask by
passing the extract through a funnel packed with a glass wool plug and half-
filled with anhydrous sodium sulfate.
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11.5.5. Extract the water sample two more times using 100 mL of fresh methylene
chloride each time. Drain each extract through the funnel into a round bottom
flask. After the third extraction, rinse the sodium sulfate with at least 30 mL
of fresh methylene chloride. Concentrate this extract as described in Section
11.6.

Note: The analyst may also drain the entire extract from the separatory funnel back
into the 1 L amber glass jar. Then filter the entire 300 mL through a funnel containing
a glass wool plug and half-filled with anhydrous sodium sulfate (glass wool and
sodium sulfate are pre-rinsed with methylene chloride prior to use) followed by a final
methylene chloride rinse then proceeding to the concentration step described in
Section 11.6.

11.5.6. Determine the original sample volume by weighing the empty sample
container and assume the specific gravity of the sample to be 1.0 g/mL.
Record the sample volume.

11.5.7. Combine the aqueous extract with the filter extract and again concentrate
using Section 11.6.

Note: The combination of the aqueous extract and filter extract can be performed in
any way possible ensuring proper combination of extracts.

Macro-Concentration Procedures (All Matrices)

11.6.1. Prior to cleanup, extracts from all matrices must be concentrated to
approximately 2 mL (near dryness). In addition, the concentrated extracts
from the aqueous filtrate and the filtered particulates must be combined prior
to cleanup. Prior to concentrating all extracts add approximately 50 - 100 L.
of tetradecane.

11.6.2. Concentration by Rotary Evaporator

11.6.2.1. According to the manufacturer’s instructions, assemble the rotary
evaporator and warm the water bath to 65°C for toluene and 55°C
for methylene chloride. Between samples, rinse 2 to 3 mL aliquots
of toluene down the feed tube into a waste beaker.

11.6.2.2. Attach the round bottom flask containing the sample extract to the
rotary evaporator. Slowly apply vacuum to the system and begin
rotating the sample flask. Vacuum is not necessary to concentrate
methylene chloride.

Warning: The use of a vacuum system creates the risk of glassware implosion.

Inspect all glassware prior to use. Glassware with chips, scratches, rub marks or
cracks must not be used.
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11.6.2.3. Lower the flask into the water bath and adjust the speed of rotation
and the temperature as required to complete the concentration in 10-
20 minutes. At the proper rate of concentration, the flow of solvent
into the receiving flask should be steady and no bumping or visible
boiling of the extract shall occur.

If the rate of concentration is too fast, analyte loss may occur.

11.6.2.4. When the liquid in the concentration flask has reached an apparent
volume of less than 2 mL, remove the flask from the water bath, and
stop the rotation. Slowly and carefully emit air into the system. Be
sure not to open the valve so quickly that the sample is blown out of
the flask. Detach the flask from the rotary evaporator. Rinse the
feed tube with approximately 2 mL of toluene and hexane prior to
attaching the next extract.

Extract Cleanup Procedures (All Matrices)

11.7.1.

11.7.2.

11.7.3.

Cleanup may not be necessary for every matrix. If particular circumstances
require the use of a cleanup procedure, the analyst may use any or all of the
procedures below or any other appropriate procedure. Before using a cleanup
procedure, the analyst must demonstrate that the cleanup procedure accurately
quantitates native amounts with minimal I.S. and CRS loss during the
procedure. This can be achieved by processing 4 LCS replicates through the
cleanup procedure.

Prior to cleanup, all extracts are spiked with the *’Cl-2,3,7,8-TCDD cleanup
standard. The recovery of this standard is used to monitor the efficiency of the
cleanup procedures. Spike 50 pL of the cleanup standard solution (or a larger
volume of diluted solution containing 12.5 ng of 37C1—2,3,7,8—TCDD) into each
separatory funnel containing an extract, resulting in a concentration of 0.50
ng/uL in the final extract analyzed by GC/MS.

Option C

11.7.3.1. Add 150 mL of hexane to the extract in the separatory funnel.
Partition the concentrated extract against 40 mL of concentrated
sulfuric acid. Shake for thirty seconds. Remove and discard the
acid layer (bottom). Repeat the acid washing until there is no visible
color in the acid layer. (Perform acid washings a maximum of four
times).

WARNING: Concentrated sulfuric acid is hazardous and should be handled with

care. A faceshield shall be worn when handling bulk acids and bases.
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Partition the concentrated extract against 40 mL of distilled water.
Shake for thirty seconds. Remove and discard the aqueous layer
(bottom).

Dry the organic layer by pouring it through a funnel containing
anhydrous sodium sulfate. Collect the extract in an appropriate size
round bottom flask. Wash the separatory funnel with two 15 mL
portions of hexane, pour through the funnel and combine the
extracts. Concentrate the extracts to less than 2.0 mLs using the
procedures described in Section 11.6.

11.7.4. Silica Gel and Alumina Column Chromatographic Procedure

11.7.4.1. Column 1: Insert a glass wool plug onto the bottom of a 20 mm
disposable glass column. Add 1 g silica gel and tap the column
gently to settle the silica gel. Add 4 g sulfuric acid-impregnated
silica gel (may use a larger amount if necessary), and 2 g silica gel.
Top with approximately 1 g anhydrous sodium sulfate. Tap the
column gently after each addition (See Figure 1).

FIGURE 1
Column 1 Column 2 Assembled Cleanup
Column
e e
) 1 cm Sodium
b=~ Sulfate
2 g Silica Gell
- - o
) l-——=( 4 g Sulfuric Acid
1 em Sodim Sulfate 1 cm Sodoam Sulfate p— g:iil:g:’“"fd
- - 1 g Silica Giell
] Glass Wool
2 g 5ilica Gell @
& g Aeid Alinuna
=" pam——
4 =4 Salfare fAeid 1 em Sodium
Impregnated Silica |~ Sulfate
T Y G
6 g Acid
1g Silica ell —
l—| l—|
@ Glass Waol 6 Glass Waol % LT

Company Confidential & Proprietary




11.7.4.2.

11.7.4.3.

SOP No. WS-IDP-0011, Rev. 2
Effective Date: 10/03/2008
Page No.: 18 of 26

Column 2: Insert a glass wool plug onto the bottom of'a 16 mm
disposable glass column. Add 6 g of the activated acid alumina.
Top with 1 g anhydrous sodium sulfate. Tap the top of the column
gently (See figure 1).

11.7.4.2.1. Check each new batch of silica gel and alumina and
maintain the results of the analyses on file. To
accomplish this, combine an appropriate amount of the
internal standard solution and an appropriate amount of
matrix spike solution. Process this solution through
both columns in the same manner as a sample extract
(Section 11.7.4). Concentrate the QC sample to a final
volume of 50 uL. Proceed to analysis. If the recovery
of any of the analytes is less than 80%, this batch of
silica and/or alumina may not be used.

Add 20 mL of hexane to each column until the packing is free of air
bubbles. A small positive pressure (5 psi) of clean dry nitrogen may
be used if needed. Check the columns for channeling. If channeling
is present, discard the column.

CAUTION: Do not tap a wetted column.

11.7.4.4.

11.7.4.5.

11.7.4.6.

Assemble the two columns such that the eluate from Column 1
(silica gel) drains directly into Column 2 (alumina) (See Figure 1).

Transfer the extract from Section 11.6 to the top of the silica gel
column. Rinse the flask with enough hexane (1 mL-2 mL) to
complete the quantitative transfer of the sample to the surface of the
silica and repeat at least one extra time.

Using 60 mL of hexane, elute the extract from Column 1 directly
onto Column 2 which contains the alumina.

CAUTION: Do not allow the alumina column to run dry for a long period of time.

11.7.4.7.

11.7.4.8.

Add 10 mL of 20% methylene chloride/80% hexane (v/v) to
Column 2, and elute until the solvent level is just below the top of
the alumina.

Add 30 mL of 65% methylene chloride/35% hexane (v/v) to
Column 2, and collect the eluate in a culture tube.

NOTE: Solvent percentages and solvent volumes may change due to change in

packing material.

11.7.4.9.

If the sample will require a carbon cleanup column, then add 200 pL.
of tetradecane and concentrate the extract to near dryness using a
turbo-evaporator apparatus. The extract is now ready to be
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transferred to the carbon column. Otherwise, proceed to Section
11.8.

11.7.5. Carbon Column Chromatographic Procedure

11.7.5.1. Thoroughly mix 95 g activated silica gel and 5.0 g charcoal to yield
a 5% w/w charcoal on silica (other weights may be used to yield the
5% w/w charcoal on silica). Activate the mixture at 190°C for
twelve hours and store in a charcoal/silica oven at 190°C.

11.7.5.1.1. Check each new batch of the charcoal/silica and
maintain the results from the analyses for examination.
To accomplish this, add the appropriate amount of the
internal standard solution and the appropriate amount of
matrix spike solution to the cleanup column. Process
the spiked solution in the same manner as a sample
extract (Section 11.7.5). Concentrate the solution to 50
pL and proceed with Section 11.8.3. If the recovery of
any of the analytes is less than 80%, this batch of
carbon/silica mixture may not be used.

11.7.5.2. Prepare an 8-inch glass column by cutting off each end of a 5 mL
disposable serological pipette.

Figure 2 (Direction B Shown)

e
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Glass Wool
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Note: A pre-cut column of similar diameter made by a glass manufacturer may also be
used for this column. Insert a glass wool plug at one end of the column and pack it
with 0.30 g of the charcoal/silica mixture. Insert an additional glass wool plug in the
other end. See Figure 2.
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CAUTION: It is very important that the column be packed properly to ensure that
carbon fines are not carried into the eluate. PCDDs/PCDFs will adhere to the carbon
fines and greatly reduce recovery. If carbon fines are carried into the eluate, filter the
eluate using a 0.45 micron filter (pre-rinsed with toluene), then proceed to Section
11.8.

11.7.5.3. Pre-rinse with 5 mL hexane in both directions.

11.7.5.4. While the column is still wet, transfer the concentrated eluate from
Section 11.6 to the prepared carbon column. Rinse the eluate
container with two 1.0 mL portions of hexane and transfer the rinses
to the carbon column. Elute the column with the following
sequence of solvents:

11.7.5.4.1. Elute column with 2 mL of cyclohexane/methylene
chloride (50:50 v/v).

11.7.5.4.2. Elute column with 2 mL of methylene chloride/methanol
(75:25 v/v)

NOTE: The above two eluates may be collected, combined and used as a check on
column efficiency.

11.7.5.5. Once the solvents have eluted through the column, turn the column
over to the A direction and elute the PCDD/PCDF fraction with a
minimum of 15 mL of toluene, and collect the eluate.

Final Concentration

11.8.1. Evaporate the 65% methylene chloride /hexane fraction from Section 11.7.4.8
or the toluene fraction from Section 11.7.5.5 to approximately 1.0 mL with N,
via turbo-evaporator.

11.8.2. Toa 2.0 mL conical vial (or equivalent) containing 50 uL of tetradecane and
an appropriate amount of recovery standard solution (See Table 2), add the
extract using small portions (~500 pL each rinse) of hexane rinses.
Concentrate the sample using a concentration manifold with purified nitrogen.
Transfer the 50 uL extract to an auto inject vial and transfer the sample label.

Note: a smaller final volume may be used to achieve a lower detection limit or CRQL.
Client, project manager, and appropriate managers must be contacted and notified of
such changes.

11.8.3. Submit sample for GC/MS analysis.
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12. CALCULATIONS/DATA REDUCTION
Not applicable

13.

14.

METHOD PERFORMANCE

13.1.

13.2.

13.3.

13.4.

The group/team leader has the responsibility to ensure that this procedure is performed
by an associate who has been properly trained in its use and has the required expertise.

Method Detection Limit

The laboratory must generate a valid method detection limit for each analyte of
interest. The MDL must be below the reporting limit for each analyte. The procedure
for determination of the method detection limit is given in 40 CFR Part 136, Appendix
B, and further defined in SOP SAC-QA-0006. MDLs are available in the Quality
Assurance Department.

Initial Demonstration

The laboratory must make an initial demonstration of capability for each individual
method. Demonstration of capability for both soil and water matrices is required. This
requires analysis of QC check samples containing all of the standard analytes for the
method. For some tests it may be necessary to use more than one QC check mix to
cover all analytes of interest.

13.3.1. Four aliquots of the QC check sample are analyzed using the same procedures
used to analyze samples, including sample preparation. The concentration of
the QC check sample should be less than or equivalent to the LCS samples.

13.3.2. Calculate the average recovery and standard deviation of the recovery for each
analyte of interest. Compare these to the laboratory generated QC Limits.

If any analyte does not meet the acceptance criteria the test must be repeated. Only
those analytes that did not meet criteria in the first test need to be evaluated. Repeated
failure for any analyte indicates the need for the laboratory to evaluate the analytical
procedure and take corrective action.

POLLUTION CONTROL

It is TestAmerica’s policy to evaluate each method and look for opportunities to minimize
waste generated (i.e., examine recycling options, ordering chemicals based on quantity needed,

preparation of reagents based on anticipated usage and reagent stability). Employees must

abide by the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

14.1.

The use of Roto-vaps and Turbo-vaps rather than Kuderna-Danish reduction allows
extraction solvents to be collected and disposed of rather than released to the
atmosphere.
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The use of SoxTherm extraction rather than soxhlet extraction, when appropriate,
reduces the volume of solvent used.

Standards should be prepared in volumes consistent with laboratory use to minimize
the volume of expired standards that must be discarded.

Where reasonably feasible, technological changes have been implemented to minimize
the potential for pollution of the environment.

Do not allow waste solvent to vent into the hoods. All solvent waste is stored in
capped containers unless they are being filled.

Transfer waste solvent from collection cups (tri-pour and similar containers) to jugs
and/or carboys as quickly as possible to minimize evaporation.

WASTE MANAGEMENT

Waste management practices are conducted consistent with all applicable rules and
regulations. Excess reagents, samples and method process wastes are disposed of in an
accepted manner. Waste description rules and land disposal restrictions are followed. Waste
disposal procedures are incorporated by reference to SOP WS-EHS-0001. The following
waste streams are produced when this method is carried out.

15.1.

15.2.

15.3.

Waste methylene chloride from glassware rinsing, glass fiber and sodium sulfate pre-
rinsing, and extract rotary evaporator concentration. Keep waste methylene chloride
separated from waste flammable solvents. Collect the waste methylene chloride in
tripours during use. Empty the tripours into a 1-liter to 4-liter carboy at the fume hood.
When the carboy is full, or at the end of your shift, whichever comes first, empty the
carboy into the steel methylene chloride drum in the H3 closet. When the drum is full
to no more than six and no less than four inches of the top, or after no more than 75
days, move the steel drum to the waste collection area for shipment.

Waste acetone, hexane, toluene and other flammable solvents from glassware and acid
rinsing, glassware pre-extraction and extract rotary evaporator concentration. Keep
waste flammable solvents separated from waste methylene chloride. Collect the waste
flammable solvents in tripours during use. Empty the tripours into a 1-liter to 4-liter
carboy at the fume hood. When the carboy is full, or at the end of your shift,
whichever comes first, empty the carboy into the steel flammable solvent drum in the
H3 closet. When full to between one and four inches of the top, or after no more than
75 days, move the steel drum to the waste collection area for shipment.

Miscellaneous disposable glassware, chemical resistant gloves, bench paper and similar
materials that may or may not be contaminated/hazardous. Place contaminated
materials into a contaminated lab trash bucket. When the bucket is full or after no
more than one year, tie the plastic bag liner shut and put the lab trash into the steel
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collection drum in the H3 closet. When the drum is full or after no more than 75 days,
move it to the waste collection area for shipment.

Various paper funnel filters, thimbles, glass wool, and extracted solids contaminated
with methylene chloride or toluene. Dump the extracted solids, used sodium sulfate,
glass wool, thimbles and filter paper into a contaminated lab trash bucket. When the
bucket is full or after no more than one year, tie the plastic bag liner shut and put the
lab trash into the steel collection drum in the H3 closet. When the drum is full or after
no more than 75 days, move it to the waste collection area for shipment.

Contaminated sulfuric acid used during extract cleanup. Collect the used sulfuric acid
in empty, 2.5-liter, plastic coated jars. When full or after one year, whichever comes
first, transfer these jars to the waste collection area for shipment.

Contaminated distilled water used during extract cleanup. Collect the contaminated
water in a 1-liter to 4-liter carboy at the fume hood. When the carboy is full, or at the
end of your shift, whichever comes first, empty the carboy into the plastic LLE drum in
the H3 closet. When full to between one and four inches of the top, or after no more
than 75 days, move the plastic drum to the waste collection area for shipment.

Extracted aqueous samples, contaminated with methylene chloride. Extracted aqueous
samples contaminated with methylene chloride are collected at the fume hood in a 5-
gallon or smaller carboy. If the samples are not at a neutral pH, add small quantities of
sodium bicarbonate to bring the waste to neutral. Stir well. Once neutralized,
immediately pour the carboy contents into a blue plastic LLE drum in the H3 closet.
When full to between one and four inches of the top, or after no more than 75 days,
move the LLE drum to the waste collection area for shipment.

Silica gel, alumina, carbon and sodium sulfate, from column clean-ups and extract
drying, contaminated with various solvents and eluates. Put the contaminated materials
into a contaminated lab trash bucket. When the bucket is full or after no more than one
year, tie the plastic bag liner shut and put the lab trash into the steel collection drum in
the H3 closet. When the drum is full or after no more than 75 days, move it to the
waste collection area for shipment.

REFERENCES/CROSS REFERENCES

16.1.

16.2.

16.3.

Corporate Environmental Health and Safety Manual.
Document Number DFLM 01.0, including Revision DFLM 01.1 (September 1991).

Update of Toxicity of Equivalency Factors (TEFs) for Estimating Risks Associated
with Exposures to Mixtures of Chlorinated Dibenzo-p-dioxins and Dibenzofurans
(CDDs/CDFs), EPA 625/3-89/016 (March 1989).
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16.4. SW-846, Method 8280A, Update III, December 1996.

16.5. Method 8280B, Revision 2, February, 2007

17. METHOD MODIFICATIONS

Unless otherwise specified, the modifications below apply to both method 8280A and method
8280B.

17.1. A 50 pL aliquot is no longer taken prior to addition of the recovery standard. This step
was eliminated as the archived portion was never used and if a dilution of that manner
is necessary, the sample is re-extracted at a smaller sample size.

17.2. Tridecane was replaced with tetradecane.

17.3. The stock solution concentrations and volumes added to extracts were adjusted for ease
of application.

17.4. Silica and quartz sand is no longer necessary for extraction of solid matrices in the
Soxhlet thimbles based on research of high resolution PCDF/PCDD analysis. Quartz
sand may be used in samples if needed, such as for South Carolina samples, and is
required in QC samples such as solid method blanks and laboratory control samples.

17.5. Method ASTM D2216 is now the universal percent water analysis for TestAmerica
West Sacramento.

17.6. All cleanups are optional based on chemist judgement.

17.7. The amount of sulfuric acid-impregnated silica gel may be adjusted based on sample
color or matrix.

17.8. The amount of solvent or the percentage of solvents used in the elution of the silica gel
and alumina column or the carbon/silica column may be adjusted based on column
profiles. (Based on current silica/alumina column profiles, 60 mL of hexane and 30
mL of 65% methylene chloride/hexane (v/v) is used instead of 90 mL of hexane and 26
mL of 80% methylene chloride /hexane (v/v).

17.9. NaCl and KOH were replaced with deionized water and NaOH for the acid-base
washing procedure. The NaOH and second deionized water step is optional based on
analyst judgement. Consult with area supervisor to determine if this is necessary for a
particular sample.

18. ATTACHMENTS

18.1. Table 1- Matrix Spike Solution
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18.2. Table 2 — IS, Cleanup Recovery, and Recovery Standard Solutions

REVISION HISTORY

19.1. WS-IDP-0011, Revision 2, Effective 09/30/2008
19.1.1. Updated to TestAmerica format.
19.1.2. Added changes to implement Method 8280B.
19.1.3. Editorial changes.

19.2.  WS-IDP-0011, Revision 1.1, Effective 4/16/2008

19.2.1. Added new Sections 11.3.2.1 and 11.3.2.2 for using sand in South Carolina
samples.

19.2.2. Clarified Sections 9.3 and 17.1.4 for South Carolina samples.

19.2.3. The preparation portion of the method was removed from SAC-ID-0011 into a
separate SOP.
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Table 1
Matrix Spiking Solution
Analyte Concentration (ng/pL)
2,3,7,8-TCDD 0.5
2,3,7,8-TCDF 0.5
1,2,3,7,8-PeCDF 1.25
1,2,3,7,8-PeCDD 1.25
1,2,3,6,7,8-HxCDF 1.25
1,2,3,6,7,8-HxCDD 1.25
1,2,3,4,6,7,8-HpCDF 1.25
1,2,3,4,6,7,8-HpCDD 1.25
OCDD 2.5
OCDF 25

This solution is prepared in isooctane (or nonane) and diluted with acetone prior to use. Only the ten isomers
listed above will be used for evaluation. All seventeen 2,3,7,8-substituted isomers are incorporated into the
matrix spike solution.

Table 2
Internal Standard, Recovery Standard, and Cleanup Standard Solutions
Internal Standards Stock Solution Vol. Added to Sample | Final Amount (ng)
Concentration (ng/L) (ul)
13¢-2,3,7,8-TCDD 0.5 50 25
13C-2,3,7,8-TCDF 0.5 50 25
¥c-1,2,3,7,8-PeCDF ¥ 0.5 50 25
13¢-2,3,4,7,8-PeCDF Y 0.5 50 25
3¢c-1,2,3,7,8-PeCcDD ¥ 0.5 50 25
3c-1,2,3,4,7,8-HxCDF ¥ 0.5 50 25
13¢-1,2,3,6,7,8-HXCDF 0.5 50 25
¥c-2,3,4,6,7,8-HXCDF ¥ 0.5 50 25
3c-1,2,3,7,8,9-HxCDF ¥ 0.5 50 25
3¢c.1,2,3,4,7,8-HxCDD ¥ 0.5 50 25
3C-1,2,3,6,7,8-HXCDD 0.5 50 25
13¢-1,2,3,4,6,7,8-HpCDF 0.5 50 25
¥C-1,2,3,4,7,8,9-HpCDF @ 0.5 50 25
3c-1,2,3,4,6,7,8-HpcDD ¥ 0.5 50 25
¥c.ocbb 1.0 50 50

(1) These extra internal standards are not mentioned in Method 8280A. These may be used to improve the
method ruggedness and if interferences from these in other ions are not seen or significant.

The Internal Standard Solution and the Cleanup Standard Solution are prepared in isooctane. The Recovery
Standard Solution may be prepared in either toluene or tetradecane.
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SCOPE AND APPLICATION

1.1.

1.2.

1.3.

1.4.

This procedure describes the analysis of trace elements including metals in solution
by Inductively Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES) using
SW-846 Methods 6010A, 6010B and EPA Method 200.7. Tables I and IA of
Appendix A lists the elements appropriate for analysis by Methods 6010A, 6010B
and 200.7 and the associated reporting limit.. Additional elements may be analyzed
under Methods 6010A, 6010B and 200.7 provided that the method performance
criteria presented in Section 13.0 are met.

ICP analysis provides for the determination of metal concentrations over several
orders of magnitude. Detection limits, sensitivity, and optimum concentration ranges
of the metals will vary with the matrices and instrumentation used.

Methods 6010A and 6010B are applicable to the determination of dissolved,
suspended, total recoverable, and total elements in ground water, aqueous samples,
soils, sludges, wastes, sediments, biological, and TCLP, EP, and other
leachates/extracts. All matrices require digestion prior to analysis. Silver
concentrations must be below 2.0 mg/L in aqueous samples and 100 mg/kg in solid
matrix samples. Precipitation may occur in samples where silver concentrations
exceed these levels and lead to the generation of erroneous data.

Method 200.7 is applicable to the determination of dissolved, suspended, total
recoverable, and total elements in water, waste water, and solid wastes. All matrices
require digestion prior to analysis. Silver concentrations must be below 0.1 mg/L in
aqueous samples.

SUMMARY OF METHOD

2.1.

This method describes a technique for the determination of multi elements in solution
using sequential or simultaneous optical systems and axial or radial viewing of the
plasma. The basis of the method is the measurement of atomic emission by an optical
spectroscopic technique. Samples are nebulized and the aerosol that is produced is
transported to the plasma torch where excitation occurs. Characteristic atomic-line
emission spectra are produced by radio frequency inductively-coupled plasma (ICP).
The spectra are dispersed by a grating spectrometer and the intensities of the emission
lines are monitored by photomultiplier tubes. The photocurrents from the
photomultiplier tubes are processed and controlled by a computer system. A
background correction technique is required to compensate for variable background
contribution to the determination of trace elements. Background must be measured
adjacent to analyte lines during analysis. The position selected for the background
intensity measurement, on either or both sides of the analytical line, will be
determined by the complexity of the spectrum adjacent to the analyte line. The
position used must be free of spectral interferences and reflect the same change in
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background intensity as occurs at the analyte wavelength measured. Background
correction is not required in cases of line broadening where a background correction
measurement would actually degrade the analytical result. The possibility of
additional interferences must also be recognized, and appropriate actions taken.
Alternatively, multivariate calibration methods may be chosen for which point
selection for background correction is superfluous since whole spectral regions are
processed.

2.1.  Refer toNC-IP-010, Acid Digestion of Soils, SW846 Method 3050B, andNC-1P-011,
Acid Digestion of Aqueous Samples by SW846 and MCAWW 200 Series Methods
for details on sample preparation methods.

DEFINITIONS

3.1.  Dissolved Metals: Those elements which pass through a 0.45 um membrane.
(Sample is acidified after filtration).

3.2.  Total Metals: The concentration determined on an unfiltered sample following
vigorous digestion.

3.3.  Total Recoverable Metals: The concentration determined on an unfiltered sample
following treatment with hot, dilute mineral acid.

3.4.  Refer to the glossary in the TestAmerica North Canton Quality Assurance Manual
(QAM), current version for additional definitions. Refer to Appendix B for a cross
reference of method definitions.

INTERFERENCES

4.1.  Spectral, physical and chemical interference effects may contribute to inaccuracies in
the determinations of trace elements by ICP. Spectral interferences are caused by:

e Opverlap of a spectral line from another element.
e Unresolved overlap of molecular band spectra.
e Background contribution from continuous or recombination phenomena.

e Stray light from the line emission of high concentration elements.

4.1.1. A background correction technique is required to compensate for variable
background contribution to the determination of trace elements. Background
correction is not required in cases where a background corrective
measurement would actually degrade the analytical result.

4.1.2. Inter-element correction factors (IECs) are necessary to compensate for
spectral overlap. Inter-element interferences occur when elements in the
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sample emit radiation at wavelengths so close to that of the analyte that they
contribute significant intensity to the analyte channel. If such conditions
exist, the intensity contributed by the matrix elements will cause an
excessively high (or sometimes low) concentration to be reported for the
analyte. Inter-element corrections IECs must be applied to the analyte to
remove the effects of these unwanted emissions.

4.1.3. Physical interferences are generally considered to be effects associated with
sample transport, nebulization, and conversion within the plasma. These
interferences may result in differences between instrument responses for the
sample and the calibration standards. Physical interferences may occur in the
transfer of solution to the nebulizer (e.g., viscosity effects) at the point of
aerosol formation and transport to the plasma (e.g., surface tension) or during
excitation and ionization processes within the plasma itself. Changes in
viscosity and surface tension can cause significant inaccuracies, especially in
samples containing high dissolved solids or high acid concentrations. If
physical interferences are present, dilution of the sample, use of a peristaltic
pump, mass flow controller, use of an internal standard, and/or use of a high
solids nebulizer can reduce the effect. Chemical interferences are
characterized by molecular compound formation, ionization effects, and
solute vaporization effects. Normally these effects are not significant with the
ICP technique, but if observed can be minimized by buffering the sample,
matrix matching, or standard addition procedures.

SAFETY

5.1.

5.2.

5.3.

Employees must abide by the policies and procedures in the Corporate Environmental
Health and Safety Manual and this document.

Eye protection that protects against splash, laboratory coat, and appropriate gloves
must be worn while samples, standards, solvents, and reagents are being handled.
Disposable gloves that have been contaminated must be removed and discarded; other
gloves must be cleaned immediately.

The following is a list of the materials used in this method, which have a serious or
significant hazard rating. NOTE: This list does not include all materials used in
the method. The table contains a summary of the primary hazards listed in the
MSDS for each of the materials listed in the table. A complete list of materials
used in the method can be found in the Reagents and Standards section. Employees
must review the information in the MSDS for each material before using it for the
first time or when there are major changes to the MSDS.

Material (1) Hazards Exposure Signs and symptoms of exposure

Limit (2)
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Nitric Acid Corrosive 2 ppm-TWA Nitric acid is extremely hazardous; it is corrosive,
Oxidizer 4-ppm STEL reactive, an oxidizer, and a poison. Inhalation of vapors
Poison can cause breathing difficulties and lead to pneumonia

and pulmonary edema, which may be fatal. Other
symptoms may include coughing, choking, and irritation
of the nose, throat, and respiratory tract. Can cause
redness, pain, and severe skin burns. Concentrated
solutions cause deep ulcers and stain skin a yellow or
yellow-brown color. Vapors are irritating and may cause
damage to the eyes. Contact may cause severe burns and
permanent eye damage.

Hydrochloric Acid | Corrosive 5 ppm-Ceiling | Inhalation of vapors can cause coughing, choking,
Poison inflammation of the nose, throat, and upper respiratory
tract, and in severe cases, pulmonary edema, circulatory
failure, and death. Can cause redness, pain, and severe
skin burns. Vapors are irritating and may cause damage
to the eyes. Contact may cause severe burns and
permanent eye damage.

1 — Always add acid to water to prevent violent reactions

2 — Exposure limit refers to the OSHA regulatory exposure limit.

5.3.1. The plasma emits strong UV light and is harmful to vision. NOTE: AVOID
looking directly at the plasma.

5.3.2. The RF generator produces strong radio frequency waves, most of which are
unshielded. People with pacemakers must not go near the instrument while in
operation.

5.4.  Exposure to chemicals must be maintained as low as reasonably achievable. All
samples with stickers that read “Caution/Use Hood!” must be opened in the hood.
Contact the EH&S Coordinator if this is not possible. Metals digestates can be
processed outside of a fume hood. Solvent and waste containers must be kept closed
unless transfers are being made.

5.5. All work must be stopped in the event of a known or potential compromise to the

health and safety of a TestAmerica North Canton associate. The situation must be
reported immediately to the EH&S Coordinator and the Laboratory Supervisor.

EQUIPMENT AND SUPPLIES

6.1.  Inductively Coupled Plasma Atomic Emission Spectrometer equipped with
autosampler and background correction.

6.2.  Radio Frequency Generator
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Argon gas supply, welding grade or equivalent
Coolflow or appropriate water cooling device
Peristaltic Pump

Calibrated automatic pipettes or Class A glass volumetric pipettes — ranging from
S5uL - 10 ml

Class A volumetric flasks — range from 50 ml — 2000 ml

Autosampler tubes — range from 8 ml — 14 ml

7. REAGENTS AND STANDARDS

7.1

7.2

7.3

7.4

7.5

Intermediate standards are purchased as custom multi-element mixes or as single-
element solutions. All standards must be stored in FEP fluorocarbon or unused
polyethylene or polypropylene bottles. Intermediate standard solutions must be
replaced prior to the expiration date provided by the manufacturer. If no expiration
date is provided, the intermediate solutions may be used for up to one year and must
be replaced sooner if verification from an independent source indicates a problem.
Expiration dates can be extended provided that the acceptance criteria described in
laboratory-specific SOPs are met. Additional information can be found in SOP NC-
QA-017.

Working calibration, calibration verification solutions, and internal standard solutions
must be prepared in a matrix of 5% hydrochloric and 5% nitric acids. Refer to Tables
IL, IIL, IV and V (Appendix A) for details regarding the working standard
concentrations for calibration, calibration verification, interference correction, and
spiking solutions. Refer to the laboratory Standard Logbook or Reagent Logbook for
details on standard or reagent preparation.

Concentrated nitric acid (HNOs), trace metal grade or better.
Concentrated hydrochloric acid (HCI), trace metal grade or better.

Reagent water must be produced by a Millipore DI system or equivalent. Reagent
water must be free of the analytes of interest as demonstrated through the analysis of
method blanks.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1.

8.2.

Sample holding times for metals are six months from time of collection to the time of
analysis.

Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in
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either plastic or glass. If boron is to be determined, plastic containers are preferred.
Refrigeration is not required. Preservation must be verified prior to analysis.

8.3.  Soil samples do not require preservation, but must be stored at 4°C + 2° until the time
of preparation.

9. QUALITY CONTROL

Table VI (Appendix A) provides a summary of quality control requirements including type,
frequency, acceptance criteria, and corrective action.

9.1.  Initial Demonstration of Capability

9.1.1.

9.1.2.

Prior to analysis of any analyte using Methods 200.7, 6010A, or 6010B, the
following requirements must be met.

Instrument Detection Limit (IDL) - The IDL for each analyte must be
determined for each analyte wavelength used for each instrument. The IDL
must be determined annually for client-specific projects. For DoD work, refer
to SOP NC-QA-016. If the instrument is adjusted in any way that may affect
the IDL, the IDL for that instrument must be redetermined. The IDL will be
determined by multiplying by 3, the standard deviation obtained from the
analysis of a blank solution, with seven consecutive measurements. Each
measurement must be performed as though it were a separate analytical
sample (i.e., each measurement must be followed by a rinse and/or any other
procedure performed between the analysis of separate samples).

. Method Detection Limit (MDL) - An MDL must be determined for each

analyte prior to the analysis of any client samples. Refer to TestAmerica
North Canton SOP NC-QA-021 and CA-Q-S-006 for details on MDL analysis
and criteria.

. Linear Range Verification (LR) - The linear range must be verified every six

months for each analyte wavelength used on each instrument. The linear range
is the concentration above which results cannot be reported without dilution
of the sample. The standards used to verify the linear range limit must be
analyzed during a routine analytical run, and must read within 10% of the
expected value.

For the initial determination of the upper limit of the linear dynamic range
(LDR) for each wavelength, determine the signal responses from a minimum
of three to five different concentration standards across the estimated range.
One standard must be near the upper limit of the estimated range. The
concentration measured at the LDR must be no more than 10% less than the
expected level extrapolated from lower standards. If the instrument is
adjusted in any way that may affect the LRs, new dynamic ranges must be
determined. The LR data must be documented and kept on file.
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Background Correction Points - To determine the appropriate location for off-
line background correction when establishing methods, the user must scan the
area on either side adjacent to the wavelength and record the apparent
emission intensity from all other method analytes. This spectral information
must be documented and kept on file. The location selected for background
correction must be either free of off-line inter-element spectral interference, or
a computer routine must be used for automatic correction on all
determinations. Tests to determine spectral interference must be done using
analyte concentrations that will adequately describe the interference.
Background correction points must be set prior to determining IECs. Refer to
the ICP instrument manual for specific procedures to be used in setting
background correction points.

Inter-element Corrections (IECs) - ICP inter-element correction factors must
be determined prior to the analysis of samples and every six months
thereafter. If the instrument is adjusted in any way that may affect the IECs,
the IECs must be redetermined. When initially determining IECs for an
instrument, wavelength scans must be performed to ensure that solutions in
use are free from contaminants. If an IEC varies significantly from the
previously determined IEC, then the possibility of contamination must be
investigated. The purity of the IEC check solution can be verified by using a
standard from a second source or an alternate method (i.e., ICP-MS).
Published wavelength tables (e.g., MIT tables, Inductively Coupled Plasma-
Atomic Spectroscopy: Prominent Lines) can also be consulted to evaluate the
validity of the IECs. Refer to the instrument manufacturer’s
recommendations for specific procedures to be used in setting IECs. An IEC
must be established to compensate for any interelement interference which
results in a false analyte signal greater than + the RL as defined in Tables I or
IA. For elements with a reporting limit of 10 ug/L or less, the signal must be
+ two times the RL. To determine IECs, run a single element standard at the
established linear range. To calculate an IEC, divide the observed
concentration of the analyte by the actual concentration of the “interfering
element.”

Note: Trace ICP IECs are more sensitive to small changes in the plasma and
instrument setup conditions. Adjustments in the IECs will be required
on a more frequent basis for the Trace as reflected by the ICSA
response. Additional spectral interference is present from easily
ionizable elements such as potassium and sodium in axial viewing
instruments.

Rinse Time Determination - Rinse times must be determined upon initial set-
up of an ICP instrument. To determine the appropriate rinse time for a
particular ICP system, the linear range verification standard (see Section
9.1.4) must be aspirated as a regular sample followed by the analysis of a
series of rinse blanks. The length of time required to reduce the analyte
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signals to < RL will define the rinse time for a particular ICP system. For
some analytes, it may be impractical to set the rinse time based on the linear
range standard result (i.e., analyte not typically detected in environmental
samples at that level and an excessive rinse time would be required at the
linear range level). Until the required rinse time is established, the method
recommends a rinse period of at least 60 seconds between samples and
standards. If a memory effect is suspected, the sample must be re-analyzed
after a rinse period of sufficient length. Rinse time studies can be conducted at
additional concentration levels. These additional studies must be documented
and kept on file, if a concentration other than the linear range level is used to
set the rinse time. The concentration levels used to establish the rinse time
must be taken into consideration when reviewing the data.

Method Blank (MB) - One method blank must be processed with each preparation
batch. The method blank consists of reagent water containing all reagents specific to
the method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to the
reporting of elevated analyte concentrations or false positive data. The method blank
must not contain any analyte of interest at or above the reporting limit (exception:
common laboratory contaminants, see below) or at or above 5% of the measured
concentration of that analyte in associated samples, whichever is higher (sample
result must be a minimum of 20 times higher than the blank contamination level). For
Ohio VAP projects, all analytes must be less than the reporting limit unless the
associated samples are ND.

e I[fthe analyte is a common laboratory contaminant (copper, iron, lead, or zinc),
the data may be reported with qualifiers if the concentration of the analyte in the
method blank is less than two times the RL. Such action must be addressed in the
project narrative.

e Repreparation and re-analysis of all samples associated with an unacceptable
method blank is required when reportable concentrations are determined in the
samples (see exception noted above).

e If'there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers. Such action
must be addressed in the project narrative.

e If the above criteria are not met and re-analysis is not possible, then the sample
data must be qualified. This anomaly must be addressed in the project narrative.

Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each
preparation batch. The LCS must contain all analytes of interest and must be carried
through the entire analytical procedure. Aqueous LCS spike levels are provided in
Table II (Appendix A). The LCS is used to monitor the accuracy of the analytical
process. Ongoing monitoring of the LCS results provides evidence that the
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laboratory is performing the method within acceptable accuracy and precision
guidelines.

e Ifany analyte is outside established control limits, the system is out of control and
corrective action must occur. Unless in-house control limits are established, a
control limit of 80 - 120% recovery must be applied.

e In the event that an MS/MSD analysis is not possible, a Laboratory Control
Sample Duplicate (LCSD) must be analyzed. The LCSD recovery is evaluated
using the same control limits as the LCS. The RPD of the LCS and LCSD must
be compared to in-house limits.

¢ In the instance where the LCS recovery is greater than the upper control limit and
the sample results are < RL, the data may be reported with qualifiers. Such action
must be addressed in the report narrative.

e Corrective action will be repreparation and re-analysis of the batch unless the
client agrees that other corrective action is acceptable. For Ohio VAP projects the
corrective action must be repreparation and reanalysis of the batch.

Additional information on QC samples can be found in QA Policy QA-003. Ohio
VAP projects must reference this SOP instead of policy QA-003 for information on
QC samples.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be
processed for each preparation batch. A matrix spike (MS) is a field sample to which
known concentrations of target analytes have been added. A matrix spike duplicate
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared
and analyzed along with the sample and matrix spike. Some client-specific data
quality objectives (DQOs) may require the use of sample duplicates in place of, or in
addition to, MS/MSDs. The MS/MSD results are used to determine the effect of a
matrix on the precision and accuracy of the analytical process. Due to the potential
variability of the matrix of each sample, these results may have immediate bearing
only on the specific sample spiked. Samples identified as field blanks cannot be used
for MS/MSD analysis. Spiking levels are provided in Tables Il and V (Appendix A).

e Ifany analyte recovery or RPD falls outside the acceptance range, the recovery of
that analyte must be in control for the LCS. For Methods 200.7, 6010A, and
6010B, control limits of 75-125% recovery and 20% RPD or historical acceptance
criteria must be applied to the MS/MSD. If the LCS recovery is within limits,
then the laboratory operation is in control and the results may be accepted. If the
recovery of the LCS is outside limits, corrective action must be taken. Corrective
action will include repreparation and re-analysis of the batch. MS/MSD results,
which fall outside the control limits, must be addressed in the narrative.

e If'the native analyte concentration in the MS/MSD exceeds four times the spike
level for that analyte, the recovery data is reported as NC, MSB (i.e., not
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calculated). Two other narrative notes for metals analyses: Matrix spike/spike
duplicate spike recovery/recoveries was/were outside the acceptance limits of
some analytes. The acceptable LCS analysis data indicated that the analytical
system was operating within control and this condition is most likely due to
matrix interference. See the Matrix Spike Report for the affected analytes which
will be flagged with N. Matrix spike/spike duplicate relative percent difference
(RPD) exceeded the acceptance limits for some analytes. The imprecision may be
attributed to sample heterogeneity. See the Matrix Spike Report for the affected
analytes, which will be flagged with *.

e [fan MS/MSD is not possible due to limited sample volume, then a laboratory
control sample duplicate (LCSD) must be analyzed. The RPD of the LCS and
LCSD must be compared to the matrix spike RPD limits.

Dilution test — A dilution test is performed to determine whether significant physical
or chemical interferences exist due to the sample matrix. One sample per preparation
batch must be processed as a dilution test. The test is performed by running a sample
ata 5 times (1:4) dilution. Samples identified as field blanks cannot be used for
dilution tests. The results of the diluted sample after correction for dilution must
agree within 10% of the original sample determination when the original sample
concentration is greater than 50 times the IDL. If the results are not within 10%, the
possibility of chemical or physical interference exists and the data is flagged.

Control Limits

9.12.1 Control limits are established by the laboratory as described in SOP
NC-QA-018.

9.12.2 Laboratory control limits are internally generated and updated periodically
unless method specified. Control limits are easily accessible via LIMS (QC
Browser program).

Method Detection Limits (MDLs) and MDL Checks

9.13.1 MDLs and MDL Checks are established by the laboratory as described in
SOPs NC-QA-021 and CA-Q-S-006.

9.13.2 MDLs are easily accessible via LIMS (QC Browser program)

Nonconformance and Corrective Action
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9.14.1 Any deviations from QC procedures must be documented as a
nonconformance with applicable cause and corrective action approved by the
facility QA Manager.

10. CALIBRATION AND STANDARDIZATION

10.1.

10.3

10.4

Set up the instrument with the operating parameters recommended by the
manufacturer. Allow the instrument to become thermally stable before beginning
calibration (approximately 30 minutes of warm-up is required). Refer to the
instructions in Appendix F.

Profile and calibrate the instrument according to the instrument manufacturer’s
recommended procedures. Flush the system with the calibration blank between each
standard or as the manufacturer recommends. The calibration curve must consist of a
minimum of a blank and a standard. Refer to Appendix F for detailed setup and
operation protocols. Refer to Instruction Manuals in laboratory Calibration must be
performed daily and each time the instrument is set up. Instrument runs may be
continued over periods exceeding 24 hours as long as all calibration verification
(CCV) and interference check QC criteria are met. The instrument standardization
date and time must be included in the raw data

Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by
analyzing a second source standard (ICV). For analyses conducted under Method
200.7, the ICV result must fall within 5% of the true value for that solution with
relative standard deviation <3% from replicate (minimum of two) exposures. For
Method 6010B, the ICV must fall within 10% of the true value for that solution. For
Method 6010B, the relative standard deviation must be <5% from replicate
(minimum of two) exposures. An ICB is analyzed immediately following the ICV to
monitor low level accuracy and system cleanliness. The ICB result must fall within +
the RL from zero. If either the ICV or ICB fail to meet criteria, the analysis must be
terminated, the problem corrected, the instrument recalibrated, and the calibration
reverified (see Sections 11.6 through 11.8 for required run sequence).

10.5Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored

throughout the analytical run through the analysis of a known standard after every 10
samples and at the end of the sample run. The CCV is to be a mid-range standard
made from a dilution of the calibration standard. The CCV for all methods must fall
within 10% of the true value for that solution. For Methods 6010B, and 200.7, the
relative standard deviation must be <5% from replicate (minimum of two) exposures.
A CCB is analyzed immediately following each CCV (see Sections 11.6 through 11.8
for required run sequence). The CCB result must fall within £ RL from zero. Sample
results may only be reported when bracketed by valid CCV/CCB pairs. If a mid-run
CCV or CCB fails, all affected samples will be re-analyzed with valid CCV/CCB
pairs (refer to Section 11.7 for an illustration of the appropriate rerun sequence).
Exceptions: If CCB > RL, samples < RL can be reported with an NCM. If CCV is
outside of criteria on the high side, samples < RL can be reported with an NCM.
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Verification Standards (6010A only). The calibration standards are analyzed against
the calibration curve and must be within 5% of the true value.

Interference Check Analysis (ICSA/ICSAB) - The validity of the inter-element
correction factors is demonstrated through the successful analysis of interference
check solutions. The ICSA contains only interfering elements, the ICSAB contains
analytes and interferents. Refer to Table IV (Appendix A) for the details of ICSA
and ICSAB composition. Custom multi-element ICS solutions must be used. All
analytes must be spiked into the ICSAB solution; therefore, if a non-routine analyte is
required, then it must be manually spiked into the ICSAB using a certified ultra high
purity single element solution or custom lab-specific mix. If the ICP will display
overcorrection as a negative number, then the non-routine elements can be controlled
from the ICSA as described in Section 10.6.3. Elements known to be interferents on
a required analyte must be included in the ICP run when that analyte is determined.
Aluminum, iron, calcium, and magnesium must always be included in all ICP runs.

10.7.1 The ICSA and ICSAB solutions must be run at the beginning of the run (see
Sections 11.6 or 11.7 for required run sequence). For Method 6010A, the
ICSA and ICSAB solutions must be run every 8 hours.

10.7.2 The ICSAB results for the interferents must fall within 80 - 120% of the true
value. If any ICSAB interferent result fails criteria, the analysis must be
terminated, the problem corrected, the instrument recalibrated, and the
samples rerun.

10.7.3 ICSA results for the non-interfering elements with reporting limits < 10 ug/L
must fall within + 2 times the RL from zero. ICSA results for the non-
interfering elements with RLs > 10 png/L must fall within £ 1 times the RL
from zero. If the ICSA results for the non-interfering elements do not fall
within £ two times RL (RL <10) or £ 1xRL (RL>10) from zero, the field
sample data must be evaluated as follows.

e If the non-interfering element concentration in the ICSA is the result of
contamination versus a spectral interference, and this reason is
documented, the field sample data can be accepted.

e If the affected element was not required, then the sample data can be
accepted.

e I[fthe interfering elements are not present in the field sample at a
concentration which would result in a false positive or negative result
greater than + two times the RL from zero, then the field sample data can
be accepted.

e If'the interfering element is present in the field sample at a level which
would result in a false analyte signal greater than + two times the RL from

Company Confidential and Proprietary



10.8

SOP No. NC-MT-012, Rev. 1
Effective Date: 01/07/09
Page 15 of 40

zero, the data can be accepted only if the concentration of the affected
analyte in the field sample is more than ten times the analyte signal in the
ICSA.

e Ifthe data does not meet the above conditions, then the IECs must be
re-evaluated and corrected if necessary and the affected samples
re-analyzed or the sample results manually corrected through application
of the new IEC to the raw results. If the results are recalculated manually,
the calculations must be clearly documented on the raw data.

CRI - To verify linearity near the RL for ICP analysis, a CRI standard is run at the
beginning of each sample analysis run. Additionally, some projects may require CRI
analysis at the end of the run (see Sections 11.6 or 11.7 for required run sequence).
Evaluate associated samples based upon advisory limits of + 50% of true value. This
standard is required for Method 6010A.

Note: The custom CRI mix contains most analytes at a level near the standard lab
reporting limit.

11. PROCEDURE

11.1.

11.2.

11.3.

11.4.

11.5.

A minimum of two exposures for each standard, field sample and QC sample is
required. The average of the exposures is reported. For Trace ICP analyses, the
results of the sum channel must be used for reporting.

Prior to calibration and between each sample/standard, the system is rinsed with the
calibration blank solution.

The use of automated QC checks through the instrument software is highly
recommended for all calibration verification samples (ICV,CCV), blanks
(ICB,CCB,PB), interference checks (ICSA,ICSAB), and field samples (linear range)
to improve the data review process.

To facilitate the early identification of QC failures and samples requiring rerun, it is
strongly recommended that sample data be reviewed periodically throughout the run.

The following procedural guidelines must be followed when using an internal
standard:

11.5.1 Typically used internal standard is: yttrium. (Note: Any element can be used
that is not typically found in environmental samples at a high rate of occurrence.)

11.5.2 The internal standard (IS) must be added to every sample and standard at the
same concentration. It is recommended that the IS be added to each
analytical sample automatically through use of a third pump channel and
mixing coil. Internal standards must be added to blanks, samples, and
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standards in a like manner, so that dilution effects resulting from the addition
may be disregarded.

11.5.3  The concentration of the internal standard must be sufficiently high to
obtain good precision in the measurement of the IS analyte used for data
correction and to minimize the possibility of correction errors if the IS
analyte is naturally present in the sample.

11.5.4 The internal standard raw intensity counts must be printed on the raw data.

11.5.5  The analyst must monitor the response of the internal standard throughout
the sample analysis run. This information is used to detect potential
problems and identify possible background contributions from the sample
(i.e., natural occurrence of IS analyte). The instrument automatically adjusts
sample results based on comparison of the internal standard intensity in the
sample to the internal standard intensity at calibration.

11.5.5.11f the internal standard counts fall within +30% of the counts
observed in the ICB, then the data is acceptable.

11.5.5.2 If the internal standard counts in the field samples are more than +
30% higher than the expected level, evaluate the run to determine if a
dilution is needed due to matrix interference.

11.6  The following analytical sequence must be used for Methods 6010B, and 200.7:

Instrument Calibration

ICV

ICB

CRI

ICSA

ICSAB

CCv

CCB

10 samples

CCcv

CCB

10 samples

CCcv

CCB

Repeat sequence of up to 10 samples between CCV/CCB pairs as required to
complete run

CRI (The CRI counts as a sample analysis.)
CCcv

CCB

Refer to Quality Control Section 9.0 and Table VI (Appendix A) for Methods 6010A,
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6010B, and 200.7 quality control criteria.

The following analytical sequence must be used for Methods 6010A:

Instrument Calibration

ICV

ICB

CRI (+/- 50%)

Calibration verification standards

ICSA (maximum every 8 hours)

ICSAB (maximum every 8 hours)

CCv

CCB

10 samples

CCv

CCB

10 samples

CCvV

CCB

Repeat sequence of up to 10 samples between CCV/CCB pairs as required to
complete run

CRI (The CRI counts as a sample analysis.)
CCv

CCB

The following run sequence provides an illustration of a mid-run CCV or CCB

failure and the appropriate corrective action run sequence as described in Section
10.4.

Original Run: Instrument Calibration

ICV

ICB

CRI

ICSA

ICSAB

CCv

CCB

10 samples

CCv

CCB

10 samples

CCv

CCB

10 samples **

CCvV * * Failure occurs at CCV/CCB
CCB * **Samples requiring rerun for affected analytes
10 samples **
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CCcv
CCB
10 samples
CCcv
CCB

The instrument may be reprofiled between CCV/CCB pairs to correct for
environment- induced drift.

Guidelines are provided in the Appendix C, D, and E on procedures to minimize
contamination of samples and standards, preventive maintenance, and
troubleshooting.

All measurements must fall within the defined linear range where spectral
interference correction factors are valid. Dilute and reanalyze all samples for
required analytes that exceed the linear range. If an inter-element correction exists
for an analyte, which exceeds the linear range, the IEC may be inaccurately applied.
Therefore, even if an overrange analyte may not be required to be reported for a
sample, if that analyte is an interferent for any requested analyte in that sample, the
sample must be diluted. Acid strength must be maintained in the dilution of samples.

Any variation in procedure must be completely documented using instrument run
logs, maintenance logs, report narratives, a Nonconformance Memo, or an anomaly
report; and is approved by a Supervisor/Group Leader and QA Manager.

Nonconformance documentation must be filed in the project file.

Any unauthorized deviations from this procedure must also be documented as a
nonconformance with a cause and corrective action described.

Analytical Documentation

11.15.1 Record all analytical information in the analytical logbook/logsheet which
may be in an electronic format, including the analytical data from standards,
blanks, LCSs, MS/MSDs, and any corrective actions or modifications to the
method.

11.15.2 All standards are logged into a department standard logbook. All standards
are assigned a unique number for identification. Logbooks are reviewed by
the supervisor or designee.

11.15.3 Documentation, such as all associated instrument printouts (final runs,
screens, reruns, QC samples, etc.) and daily calibration data corresponding
to all final runs, is available for each data file.

11.15.4 Sample results and associated QC are entered into the LIMs after final
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technical review.

12 DATA ANALYSIS AND CALCULATIONS

12.1. ICV percent recoveries are calculated according to the equation:

o R — IOO(FOLmd(]CV)j

True(ICV)

12.2.  CCV percent recoveries are calculated according to the equation:

% R=10 o( Found(CCV)j

True(CCV)

12.3. Matrix Spike Recoveries are calculated according to the following equation:

% R = 100(M}

SA

Where:
SSR = Spike Sample Result
SR = Sample Result
SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates are
calculated according to the following equations:

|MSD— MS|
( MSD + MS)
2

RPD =100

Where:
MS = determined spiked sample concentration
MSD = determined matrix spike duplicate concentration

12.5. The final concentration for a digested aqueous sample is calculated as follows:

CxV1ixD

mg/ L= )

Where:
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C = Concentration (mg/L) from instrument readout (mean of two exposures)
D = Instrument dilution factor

V1 = Final volume in liters after sample preparation

V2 = Initial volume of sample digested in liters

12.6. The final concentration determined in digested solid samples is calculated as follows:

V xD
mg /| Kg,dry weight = ExVxD

Where:
C = Concentration (mg/L) from instrument readout (mean of two exposures)
D = Instrument dilution factor
V = Final volume in liters after sample preparation
W = Weight in Kg of wet sample digested

12.7. The LCS percent recovery is calculated according to the following equation:

Found(LCS)]

%R = 100(
True( LCS)

12.8. The dilution test percent difference for each component is calculated as follows:

' 15|
% Difference = 5 x 100

Where:
I = Sample result (Instrument reading)
S = Dilution test result (Instrument reading x 5)

12.9. Appropriate factors must be applied to sample values if dilutions are performed.
12.10. Trivalent Chromium
12.10.1. Trivalent chromium (CR") is the result obtained by subtracting the
hexavalent chromium (CR"®) results for a sample from the total chromium
result from that sample. The total chromium result is determined using the
procedures in this SOP. The hexavalent chromium result is determined
using the procedures in TestAmerica North Canton SOP NC-WC-024.
12.10.2. Reporting Limits

12.10.2.1. The TestAmerica North Canton water reporting limit for trivalent
chromium is 0.02 mg/1.
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12.10.2.2. The TestAmerica North Canton solid reporting limit for trivalent
chromium is 2.0 mg/kg, wet weight.

12.10.3. Calculations: Cr" = Cr, total — Cr'¢

METHOD PERFORMANCE

13.1.

13.2.

13.3.

13.4.

Each laboratory must have initial demonstration of performance data on file for each
analyte of interest as described in Section 9.0.

Refer to Tables I and TA in Appendix A for the list of analytes that may be analyzed
using this SOP.

Method performance is determined by the analysis of MS and MSD samples as well
as method blanks and laboratory control samples. The MS or MSD recovery must
fall within £ 25 % and the MS/MSD must compare within 20% RPD or within the
laboratory’s historical acceptance limits. These criteria apply to analyte
concentrations greater than or equal to ten times the IDL. Method blanks must meet
the criteria specified in Section 9.2. The laboratory control samples must recover
within 20% of the true value or within the laboratory’s historical acceptance limits.

Training Qualification

13.4.1 The Group/Team Leader or the Supervisor has the responsibility to ensure
that this procedure is performed by an associate who has been properly trained
in its use and has the required experience.

POLLUTION PREVENTION

14.2.

It is TestAmerica’s policy to evaluate each method and look for opportunities to
minimize waste generated (i.e., examine recycling options, ordering chemicals based
on quantity needed, preparation of reagents based on anticipated usage and reagent
stability). Employees must abide by the policies in Section 13 of the corporate
environmental Health and Safety Manual (CW-E-M-001) for “Waste Management
and Pollution Prevention”.

WASTE MANAGEMENT

15.1. All waste will be disposed of in accordance with Federal, State and Local regulations.
Where reasonably feasible, technological changes have been implemented to minimize
the potential for pollution of the environment. Employees will abide by this method and
the policies in Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention.”

15.2. Waste Streams Produced by this Method
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15.2.1. The following waste streams are produced when this method is carried out:

15.2.2. Acid waste consisting of sample and rinse solution - Any sample waste generated
must be collected and disposed of in the acid waste drum located in the Metals Lab.

15.2.3. Standards must be purchased and prepared in volumes consistent with laboratory
use to minimize the volume of expired standards to be disposed.

16. REFERENCES

16.1. References

16.1.1.

16.1.2.

16.1.3.

16.1.4.

16.1.5.

16.1.6.

16.1.7.

16.1.8.

40 CFR Part 136, Appendix B, 7-5-95, Determination of Method Detection
Limits

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-
846, 3" Edition, Final Update I, July 1992. Method 6010A.

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-
846, 3rd Edition, Final Update III, Revision 2, December 1996. Method
6010B.

Determination of Metals and Trace Elements in Water and Wastes by
Inductively Coupled Plasma-Atomic Emission Spectrometry, Revision 4.4,
May 1994. Method 200.7

Inductively Coupled Plasma — Atomic Emission Spectrometric Method for
Trace Element Analysis of water and wastes Method 200.7, 40 CFR — Chapter
[ —Part 136 — Appendix C. Electronic version dated September 30, 2002

TestAmerica North Canton Quality Assurance Manual (QAM), current
version

TestAmerica Corporate Environmental Health and Safety Manual, CW-E-M-
001, and TestAmerica North Canton Facility Addendum and Contingency

Plan, current version

Revision History

Historical File:

Revision 2.0: 10/27/97 Revision 0: 01/08/04 (NC-MT-012)

(formerly CORP-MT-0001NC) Revision 2.1: 04/19/99

Revision 3.1: 10/04/00
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| [ Revision 3.4: 01/08/04 | ]

16.2. Associated SOPs and Policies, latest version
16.2.1. TestAmerica North Canton QC Program, QA-003

16.2.2. Statistical Evaluation of Data and Development of Control Charts,
NC-QA-018

16.2.3. Method Detection Limits and Instrument Detection Limits, NC-QA-021 and
CA-Q-S-006

16.2.4. Supplemental Practices for DoD Project Work, NC-QA-016

16.2.5. Hexavalent Chromium (Colorimetric), NC-WC-024
16.2.6. Acid Digestion of Soils, SW846 Method 3050B, NC-IP-010

16.2.7. Acid Digestion of Aqueous Samples by SW846 and MCAWW 200 Series
Methods, NC-IP-011Standards and Reagents, NC-QA-017

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.)
17.1.  Modifications/Interpretations from reference method
17.1.1. Modifications/interpretations from Methods 6010B and 200.7.

17.1.1.1. TestAmerica North Canton Laboratories use mixed calibration
standard solutions purchased from approved vendors instead of using
individual mixes prepared in-house as recommended by the subject
methods.

17.1.1.2. Methods 200.7 and 6010B state that if the correction routine is
operating properly, the determined apparent analyte(s) concentration
from analysis of each interference solution must fall within a specific
concentration range around the calibration blank. In determining
IECs because of lack of definition clarification for “concentration
range around the calibration blank,” TestAmerica North Canton has
adopted the procedure in EPA CLP ILMOA4.0.

17.1.1.3. Whenever a new or unusual matrix is encountered, a series of tests
be performed prior to reporting concentration data for that analyte.
The dilution test helps determine if a chemical or physical
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interference exists. Because TestAmerica North Canton laboratories
receive no prior information from clients regarding when to expect a
new or unusual matrix, TestAmerica North Canton may select to
perform a dilution test on one sample in each prep batch. According
to the method, the post digestion spike (PDS) determines any
potential matrix interferences. At TestAmerica North Canton,
matrix interference is determined by evaluating data for the LCS and
MS/MSD. TestAmerica North Canton REQUIRES documented,
clear guidance when a new or unusual matrix will be received for a
project and a request to perform the dilution test or PDS on a client-
identified sample.

17.1.2. Modifications from Method 200.7

17.1.2.1.

17.1.2.2.

17.1.2.3.

17.1.2.4.

17.1.2.5.

Method 200.7 defines the IDL as the concentration equivalent to a
signal due to the analyte, which is equal to three times the standard
deviation of a series of ten replicate measurements of the calibration
blank signal at the same wavelength. TestAmerica North Canton labs
utilize the IDL definition as defined in Section 9.1 of this SOP.

The calibration blank is prepared in an acid matrix of 5% HNO3/5%
HCl instead of the specified 2% HNO3/10% HCI matrix as the
former matrix provides for improved performance relative to the
wide variety of digestate acid matrices which result from the various
EPA preparation protocols applied.

Method Section 9.3.4 specifies that “Analysis of the ICV (ICSA/AB)
solution immediately following calibration must verify that the
instrument is within = 5% of calibration with a relative standard
deviation <3% from replicate integrations > 4”. TestAmerica North
Canton uses a minimum of two exposures.

The 40 CFR version of Method 200.7 requires the instrument check
standard to agree within * 5% of expected values. Also, the 40 CFR
version requires the interference check sample to be analyzed at the
beginning, end, and at periodic intervals throughout the sample run.
At TestAmerica North Canton, the instrument check standard equals
the CCV, which must agree within + 10% of expected values, and
the ICSA standards are analyzed only at the beginning of a sample
run. TestAmerica’s procedures are in line with the Rev. 4.4, May
1994 version of Method 200.7.

Section 7.12 of Method 200.7 indicates that the QCS (ICV) must be
prepared at a concentration near 1 ppm. The ICV specified in this
SOP accommodates the 1 ppm criteria for the majority of analytes.
For the remaining analytes, this SOP specifies ICV concentrations
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which are appropriate to the range of calibration. The intent of the
ICV, verification of calibration standard accuracy, is independent of
the ICV concentration used.

The ICS criteria applied by this SOP differ from those stated in the
method. Method 200.7 Section 10.4 states that results must fall
within the established control limits of 3 times the standard deviation
of the calibration blank for that analyte. The control limits listed in
this SOP are those applicable to the EPA designed solution.

Method 200.7 Section 9.3.4 states the CCB must be less than the
IDL, but > the lower 3-sigma control limit of the calibration blank.
The intent of this requirement is to ensure that the calibration is not
drifting at the low end. TestAmerica North Canton has adopted an
absolute control limit of £ RL from zero for calibration blank
criteria. SOP Section 10.4 provides the detailed corrective action
criteria that must be followed.

17.1.3. Modifications from Method 6010B

17.1.3.1.

17.1.3.2.

Chapter 1 of SW-846 states that the method blank must not contain
any analyte of interest at or above the MDL. This SOP states that
the method blank must not contain any analyte of interest at or above
the reporting limit. Common lab contaminants are allowed up to two
times the reporting limit in the blank following consultation with the
client.

Method 6010B Section 8.6.1.3 states that the results of the
calibration blank are to agree within three times the IDL. If not,
repeat the analysis two or more times, and average the results. If the
average is not within three standard deviations of the background
mean, terminate the analysis, correct the problem, recalibrate, and
re-analyze the previous ten samples. The intent of this requirement
is to ensure that the calibration is not drifting at the low end.
TestAmerica North Canton has adopted an absolute control limit of
+ RL from zero for calibration blank criteria. See SOP Section 10.4
for a detailed description of the required corrective action
procedures.

17.1.4 Modifications from Method 6010A

17.1.4.1

Chapter 1 of SW846 states the method blank should not contain any
analyte of interest at, or above, the MDL. This SOP states the
method blank must not contain any analyte of interest at, or above,
the reporting limit. Common lab contaminants are allowed up to two
times the reporting limit in the blank.
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Calibration is performed according to instrument manufacturer’s
recommendations. Method 6010A provides contradictory
instructions for instrument calibration by stating to calibrate both
according to instrument manufacturer’s recommendations as well as
to use a blank and three standards. TJA has stated that the use of
multiple standards may be detrimental to determinations near the
detection limit due to the inability of the linear equation to force-fit
through the origin, and recommends the calibration be performed
using a blank and one standard. This SOP requires verification of
the initial instrument calibration using a CRI at two times the RL, an
ICV at 5 - 25% of calibration level, a CCV at 50% of calibration
level, and by rerunning the high calibration standard (HCAL) post
calibration to demonstrate linearity (See Tables I and 1A).

Section 5.6 of Method 6010A states the instrument check standard
(CCV) should be prepared from a second source standard. This SOP
states the CCV will be from the same source as the calibration
standards. The purpose of the second source standard is to verify the
accuracy of the calibration standards. The intent of this requirement
is met through the analysis of a second source ICV standard prior to
the analysis of samples. The use of a same source CCV provides for
a more accurate and consistent measure of instrument drift from
initial calibration.

Section 5.7 of Method 6010A states spiking of the ICS solution with
analytes is not required if the ICP will display over-correction as a
negative number. All TestAmerica instrumentation has this
capability, and therefore, the spike analysis is not required.
TestAmerica does run a spiked ICSAB, but the analytes are not
spiked at the 10x IDL level referenced in Method 6010A. The
ICSAB solution run by TestAmerica is based on the design of the
ICSA/ICSAB solution provided by EPA directly to contract
environmental labs.

Method 6010A uses a Quality Control Standard (QCS) on a weekly
basis to verify calibration standard accuracy. TestAmerica refers to
QCS as an ICV, and the accuracy verification is performed on a
daily basis. The QCS described in Method 6010A is made to
contain analytes at 10x the IDL. The TestAmerica ICV solution is
not made at 10x IDL for all elements as this concentration is not
appropriate relative to the standard reporting limits. TestAmerica
designed the ICV to be a reliable indicator of calibration standard
accuracy by raising the analyte concentrations to a level where the
analytical determination is not impacted by low-level curve bias.
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17.1.4.6 Method 6010A states the CCB should be within three times the
standard deviations of the average blank reading. The intent of this
requirement is to ensure the calibration is not drifting at the low end.
In the absence of guidance on how to determine the mean blank level
from EPA, TestAmerica has adopted an absolute control limit of +
RL from zero for calibration blank criteria.
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APPENDIX A

TABLES
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TABLE I. Methods 200.7, 6010A, and 6010B Target Analyte List

Reporting Reporting
Element Symbol CAS # Limit Limit
(ug/L) Water | (mg/kg) Soil
Aluminum Al 7429-90-5 200 20
Antimony Sb 7440-36-0 60 6
Arsenic As 7440-38-2 300 30
Barium Ba 7440-39-3 200 20
Beryllium Be 7440-41-7 5.0 0.5
Boron B 7440-42-8 200 20
Cadmium Cd 7440-43-9 5.0 0.5
Calcium Ca 7440-70-2 5000 500
Chromium Cr 7440-47-3 10 1
Cobalt Co 7440-48-4 50 5
Copper Cu 7440-50-8 25 2.5
Iron Fe 7439-89-6 100 10
Lead Pb 7439-92-1 100 10
Magnesium Mg 7439-95-4 5000 500
Manganese Mn 7439-96-5 15 1.5
Molybdenum Mo 7439-98-7 40 4
Nickel Ni 7440-02-0 40 4
Potassium K 7440-09-7 5000 500
Selenium Se 7782-49-2 250 25
Silver Ag 7440-22-4 10 1
Sodium Na 7440-23-5 5000 500
Thallium Tl 7440-28-0 2000 200
Vanadium \ 7440-62-2 50 5
Zinc Zn 7440-66-6 20 2
Tin Sn 7440-31-5 100 10
Titanium Ti 7440-32-6 50 5
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TABLE IA. Method 200.7, 6010A, and 6010B Trace ICP Target Analyte List

Reporting Reporting
Element Symbol CAS # Limit Limit
(ug/L) Water | (mg/kg) Soil

Arsenic As 7440-38-2 10 1.0
Lead Pb 7439-92-1 3.0 0.3
Selenium Se 7782-49-2 5.0 0.5
Thallium Tl 7440-28-0 10 1.0
Antimony Sb 7440-36-0 10 1.0
Cadmium Cd 7440-43-9 2.0 0.2
Silver Ag 7440-22-4 5.0 0.5
Chromium Cr 7440-47-3 5.0 0.5

TABLE II. Matrix Spike and Aqueous Laboratory Control Sample Levels

ELEMENT Concentration (ug/L)
Aluminum 2000
Antimony 500
Arsenic 2000
Barium 2000
Beryllium 50
Cadmium 50
Calcium 50000
Chromium 200
Cobalt 500
Copper 250
Iron 1000
Lead 500
Magnesium 50000
Manganese 500
Molybdenum 1000
Nickel 500
Potassium 50000
Selenium 2000
Silver 50
Sodium 50000
Thallium 2000
Vanadium 500
Zinc 500
Boron 1000
Tin 2000
Titanium 1000
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TABLE III . Trace ICP Calibration and Calibration Verification Standards

Element Calibration Level | RL (ug/L) ICV (ug/L) CCV (ug/L)
Aluminum 50000 200 12500 25000
Antimony 1000 10 250 500

Arsenic 1000 10 250 500

Barium 4000 10 1000 2000
Beryllium 4000 5 1000 2000
Cadmium 1000 2 250 500

Calcium 100000 5000 25000 50000
Chromium 4000 5 1000 2000

Cobalt 4000 50 1000 2000

Copper 4000 25 1000 2000

Iron 50000 100 12500 25000
Lead 1000 3 250 500
Magnesium 100000 5000 25000 50000
Manganese 4000 15 1000 2000
Molybdenum 4000 40 1000 2000
Nickel 4000 40 1000 2000
Potassium 100000 5000 25000 50000
Selenium 1000 5 250 500
Silver 2000 5 500 1000

Sodium 100000 5000 25000 50000
Thallium 2000 10 500 1000
Vanadium 4000 50 1000 2000
Zinc 4000 20 1000 2000
Boron 10000 200 1000 5000
Tin 10000 100 1000 5000

Titanium 10000 50 1000 5000
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TABLE IV. Interference Check Sample Concentrations

Element ICSA (ug/L) ICSAB (ug/L)
Aluminum 500000 500000
Antimony - 1000

Arsenic - 1000

Barium - 500
Beryllium - 500
Cadmium - 1000

Calcium 500000 500000
Chromium - 500

Cobalt - 500

Copper - 500

Iron 200000 200000
Lead - 1000

Magnesium 500000 500000

Manganese - 500

Molybdenum - 1000
Nickel - 1000

Potassium - 10000
Selenium - 1000
Silver - 1000

Sodium - 10000

Thallium - 1000
Vanadium - 500

Zinc - 1000
Tin - 1000
Boron 1000

Titanium 1000

01/07/09

TABLE V. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels

Reporting Level Regulatory Limit

ELEMENT (ug/L) (ug/L) Spike Level (ug/L)
Arsenic 500 5000 5000
Barium 10000 100000 50000
Cadmium 100 1000 1000
Chromium 500 5000 5000
Lead 500 5000 5000
Selenium 250 1000 1000
Silver 500 5000 1000
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TABLE VI. Summary of Quality Control Requirements

QC Parameter Frequency * Acccl?i]:;:;ce Corrective Action
Two-point Beginning of every Terminate analysis. Correct
Initial analytical run, every 24 the problem. Prepare new
Calibration hours, whenever standards. Recalibrate

instrument is modified, following system

or CCV criterion is not performance.

met

ICV Beginning of every Method 200.7: Terminate analysis. Correct

analytical run. 95 - 105 % recovery | the problem. Recalibrate.
RSD dupl. exp < 3%
Method 6010A:
90 - 110 % recovery
Method 6010B:
90 - 110 % recovery
RSD dupl. exp < 5%

ICB Beginning of every The result must be Terminate analysis. Correct
analytical run, within £ RL from the problem. Recalibrate.
immediately following Zero.
the ICV.

CCv Every 10 samples and at | Method 200.7 & Terminate analysis. Correct
the end of the run. 6010B:90 - 110 % the problem. Recalibrate and

recovery rerun all samples not

RSD dupl. exp < 5% | bracketed by acceptable CCV.
Samples < RL can be

Method 6010A: accepted if the CCV is outside

90 - 110 % recovery | on high side with NCM.

CCB Immediately following The result must be Terminate analysis. Correct

each CCV within + RL from the problem. Recalibrate and
Zero rerun all samples not
bracketed by acceptable CCB.
Samples < RL can be
accepted if the CCB is outside
on high side with NCM.
CRI Beginning of every run 50-150% recovery Evaluate associated samples.
(advisory) (required
for 6010A)

Calibration After the CRI +/- 5% Recalibrate

verification
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QC Parameter Frequency * Acccl?i[t)zi;:‘ce Corrective Action
(6010A only)
ICSA Beginning of every run See Section 9.9.3 See Section 9.9.3
(maximum every 8 hours
for 6010A)
ICSAB Immediately following Results must be See Section 9.9.2.
each ICSA within 80 - 120%
(maximum every 8 hours | recovery
for 6010A)
Dilution Test One per prep batch For samples > 50 Narrate the possibility of

times the IDL,
dilutions must agree
within 10%

physical or chemical interference
per client request.

Method Blank

One per sample preparation
batch of up to 20 samples

The result must be less
than or equal to the
RL.

Common lab
contaminants may be
accepted up to 2x the
RL (see Section 9.2).
(not applicable for
Ohio VAP)

Sample results greater
than 20 times the
blank concentration
are acceptable. (not
applicable for Ohio
VAP)

Samples for which the
contaminant is < RL
may not require
redigestion or re-
analysis (see Section
9.2).

Redigest and re-analyze samples.

Note exceptions under criteria
section.

See Section 9.2 for additional
requirements.

Laboratory
Control Sample
(LCS)

One per sample preparation
batch of up to 20 samples

Aqueous LCS must be
within 80 - 120%
recovery or in-house
control limits.

Samples for which the
contaminant is < RL
and the LCS results
are > 120% may not

Terminate analysis. Correct the
problem. Re-digest and re-
analyze all samples associated
with the LCS.
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QC Parameter

Frequency *

Acceptance
Criteria

Corrective Action

re-analysis (see
Section 9.3)

require redigestion or

Matrix Spike

One per sample preparation
batch of up to 20 samples

or in-house control
limits

75 - 125 % recovery

In the absence of client specific
requirements, flag the data. No
flag required if sample level is >
4 times the spike added.

Matrix Spike
Duplicate

See Matrix Spike

RPD <20%

75 - 125 % recovery;

See Corrective Action for Matrix
Spike.

* See Sections 11.6, 11.7, and 11.8 for exact run sequence to be followed.

APPENDIX B CROSS REFERENCE OF TERMS COMMONLY USED IN
METHODS EPA 200.7, SW 6010A/6010B, AND TESTAMERICA NORTH CANTON SOP

TestAmerica North Canton

EPA 200.7 SW 6010A/6010B SOP
Calibration blank (CB) Calibration blank {)‘;;ifsa(‘fg;‘/’gg‘;mg calibration

Dilution test

Dilution test

Dilution Test

Instrument detection limit (IDL)

Instrument detection limit (IDL)

Instrument detection limit (IDL)

Instrument performance check (IPC)

Continuing calibration verification
(CCV)

Continuing calibration verification
(CCV)

Internal standard

Internal standard

Internal standard (IS)

Laboratory duplicates

N/A

N/A

Laboratory fortified blank (LFB)

N/A

Laboratory control sample (LCS)

Laboratory fortified sample matrix
(LFM)

Matrix spike and matrix spike
duplicate (MS/MSD)

Matrix spike and matrix spike
duplicate (MS/MSD)

Laboratory reagent blank (LRB)

Method blank

Method or Prep blank (MB)

Linear dynamic range (LDR)

Linear dynamic range (LDR)

Linear dynamic range (LDR)

Method detection limit (MDL)

Method detection limit (MDL)

Method detection limit (MDL)

Quality control sample (QCS)

Check standard or Initial calibration
verification (ICV)

Initial calibration verification (ICV)

Spectral interference check solution
(SIC)

Interference check solution (ICS)

Interference check solution
(ICSA/ICSAB)
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APPENDIX C - TROUBLESHOOTING GUIDE

Problem Possible Cause/ Solution

High Blanks Increase rinse time

Clean or replace tip

Clean or replace torch

Clean or replace sample tubing
Clean or replace nebulizer

Clean or replace mixing chamber

Instrument Drift Replace torch (Crack)

Clean or replace nebulizer (blockage)
Replace pump tubing

Room humidity too high

Clean torch tip (salt buildup)

Check for argon leaks

Reprofile

Erratic Readings, Check for argon leaks

Flickering Torch or Adjust sample carrier gas

High RSD Replace tubing (clogged)

Check drainage (back pressure changing)
Increase uptake time (too short)
Increase flush time (too short)

Clean nebulizer, torch or spray chamber
Increase sample volume introduced
Check that autosampler tubes are full
Sample or dilution of sample not mixed
Increase integration time (too short)
Realign torch

Reduce amount of tubing connectors

Standards reading twice normal | Incorrect standard used
absorbance or concentration Incorrect dilution performed
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APPENDIX D - CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All glassware must be washed with detergent and tap water and rinsed with 1:1 nitric
acid followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the
Metals Lab. All work areas must be kept scrupulously clean.

Powdered Gloves must not be used in the Metals Lab since the powder contains silica
and zinc as well as other metallic analytes. Glassware must be periodically checked
for cracks and etches and discarded if found. Etched glassware can cause cross
contamination of any metallic analytes.

The following are helpful hints in the identification of the source of contaminants:
Yellow pipette tips and volumetric caps can sometimes contain cadmium.
Some sample cups have been found to contain lead.
New glassware especially beakers can be a source of silica and boron.

Reagents or standards can contain contaminants or be contaminated with the
improper use of a pipette.

Improper cleaning of glassware can cause contamination.
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APPENDIX E - PREVENTATIVE MAINTENANCE

A maintenance log is used to record when maintenance is performed on instruments. When an
instrument problem occurs, indicate the date, time and instrument number. Then identify the
problem and corrective action in the Maintenance Log.

The following procedures are required to ensure that that the instrument is fully operational:

Change sample pump tubing and pump windings
As Needed  Check rinse solution and fill if needed
Check waste containers and empty if needed
Check sample capillary tubing is clean and in good condition
Check droplet size to verify nebulizer is not clogged.
Check sample flow for cross flow nebulizer
Check pressure for vacuum systems
Clean plasma torch assembly to remove accumulated deposits

Clean nebulizer and drain chamber; keep free-flowing to maintain optimum
performance

Replace peristaltic pump tubing, sample capillary tubing and autosampler sipper
probe

Apply silicon spray on autosampler tracks
Check water level in cool flow
Change oil for vacuum systems

Replace coolant water filter (may require more or less frequently depending on
quality of cooling water)
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APPENDIX F _ICP Operating Instructions
ICP Analysis (TJA 61E) Example

SETUP

®

Plasma Control Panel (enter)
b. (F1)-Startup
c. (F9)-Continue
d. (F2)-Levels
1. Change auxiliary gas to low — use space bar to toggle
2. Change nebulizer gas flow to 0.5 L/min.
3. Change pump rate to 130
4. Esc
5. Allow instrument to warm up approximately 30 minutes.
DEVELOPMENT
a. Methods (enter)
b. Enter method name
c. (F3)-Method Info.
d. Change file name
e. (F9)-Done
f. (F9)-Done/Keep
OPERATION
a. Analysis (enter)
b. (F5)-Profile
1. (F3)-Automatic

2. (F1)-Run
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3. If peak position is greater than & 0.05 units from the center peak position, you must
adjust the profile. If it is within £ 0.05 units, press (F9)-done.
4. To adjust select (F1)-CalcSS and enter current vernier position. (enter)
5. Adjust to new vernier position (F9)-done
6. Rerun profile until peak position is £ 0.05 units.
7. (F9) - Done
Autosampler (F9)
1. Enter method name (enter)
2. Enter autosampler table name (enter)
3. (F1)-Run
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SCOPE AND APPLICATION

1.1.

1.2.

1.3.

1.4.

L.5.

1.6.

This procedure describes the preparation of aqueous samples for the analysis of
certain metals by Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP),
and Inductively Coupled Plasma-Mass Spectrometry (ICPMS) using the MCAWW
200 series methods (NPDES) and SW846 Methods 3005A, and 3010A.

The applicability of each of these preparation protocols to specific analytes is detailed
in Tables I and II (Appendix A). Additional elements may be analyzed following
digestion by these protocols provided that the method performance criteria specified
in Section 13.0 of this SOP are met.

This SOP provides procedures applicable to the preparation of dissolved, suspended,
total recoverable and total elements in ground water, aqueous samples, certain
aqueous sludges, and leachates/extracts.

SW-846 Method 3005A / MCAWW Method 200.8 are used to prepare surface and
groundwater samples for total recoverable and dissolved metals determination by ICP
and ICPMS.

MCAWW Method 200.7 is used to prepare surface water, domestic and industrial
waste samples for total, total recoverable, and dissolved metals determination by ICP.

SW-846 Method 3010A is used to prepare aqueous samples, mobility-procedure
extracts, and wastes that contain suspended solids for total metals analysis by ICP.

SUMMARY OF METHOD

2.1.

2.2.

Method 3005A / Method 200.7 / Method 200.8 - Preparation for Total Recoverable or
Dissolved Metals Analysis by ICP and ICPMS

2.1.1 A representative aliquot of sample is heated with nitric and hydrochloric acids
and reduced to a low volume. The digestate is filtered (if necessary) and
diluted to volume.

Method 3010A / Method 200.7 / - Preparation for Total Metals Analysis by ICP
2.2.1 A representative aliquot of sample is refluxed with nitric acid. After the

digestate has been reduced to a low volume, it is refluxed with hydrochloric
acid, filtered (if necessary), and diluted to volume.

DEFINITIONS
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Additional definitions of terms used in this SOP may be found in the glossary of the QAM.

3.1.

3.2

3.3.

Dissolved Metals: Those elements which pass through an 0.45 um membrane
(sample is acidified after filtration).

Total Metals: The concentration determined on an unfiltered sample following
digestion.

Total Recoverable Metals: The concentration determined on an unfiltered sample
following treatment with hot dilute mineral acid.

INTERFERENCES

4.1.

4.2.

4.3.

44.

4.5.

4.6.

4.7.

4.8.

There are numerous routes by which samples may become contaminated. Potential
sources of trace metals contamination include metallic or metal-containing labware
(e.g., talc gloves which contain high levels of zinc), containers, impure reagents, dirty
glassware, improper sample transfers, dirty work areas, atmospheric inputs such as
dirt and dust, etc. Be aware of potential sources of contamination and take
appropriate measures to minimize or avoid them. All glassware is cleaned per SOP
NC-QA-014.

The entire work area, including the bench top and fume hood, must be thoroughly
cleaned on a routine schedule in order to minimize the potential for environmental
contamination. Refer to Appendix B for additional contamination control guidelines.

Boron from the glassware will migrate into the sample solution during and following
sample processing. For critical low level determinations of boron, it is recommended
quartz or plastic labware be used.

Physical interference effects may contribute to inaccuracies in the determinations of
trace elements. Oils, solvents, and other matrices may not be digested using these

methods if they are not soluble with acids.

Visual interferences or anomalies (such as dilution due to oily matrix) must be
documented.

Allowing samples to boil or go dry during digestion may result in the loss of volatile
metals. If this occurs the sample must be reprepared. Antimony is easily lost by

volatilization from hydrochloric acid media.

Precipitation of silver chloride (AgCl) may occur when chloride ions and high
concentrations of silver (i.e., greater than 1 mg/L) are present in the sample.

Specific analytical interferences are discussed in each of the determinative methods.
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SAFETY

5.1.  Employees must abide by the policies and procedures in the Corporate Environmental
Health and Safety Manual and this document.

5.2.  Samples that contain high concentrations of carbonates or organic material or
samples that are at elevated pH can react violently when acids are added.

5.3.  The following is a list of the materials used in this method, which have a serious or
significant hazard rating. NOTE: This list does not include all materials used in
the method. The table contains a summary of the primary hazards listed in the
MSDS for each of the materials listed in the table. A complete list of materials
used in the method can be found in the Reagents and Standards section. Employees
must review the information in the MSDS for each material before using it for the
first time or when there are major changes to the MSDS.

Material (1) Hazards Exposure Signs and symptoms of exposure
Limit (2)
Hydrochloric Corrosive 5 ppm- Inhalation of vapors can cause coughing, choking, inflammation
Acid Ceiling of the nose, throat, and upper respiratory tract, and in severe
Poison cases, pulmonary edema, circulatory failure, and death. Can

cause redness, pain, and severe skin burns. Vapors are irritating
and may cause damage to the eyes. Contact may cause severe
burns and permanent eye damage.

Nitric Acid Corrosive 2 ppm-TWA | Nitric acid is extremely hazardous; it is corrosive, reactive, an
oxidizer, and a poison. Inhalation of vapors can cause breathing
Oxidizer 4 ppm-STEL | difficulties and lead to pneumonia and pulmonary edema, which
may be fatal. Other symptoms may include coughing, choking,
Poison and irritation of the nose, throat, and respiratory tract. Can cause

redness, pain, and severe skin burns. Concentrated solutions
cause deep ulcers and stain skin a yellow or yellow-brown
color. Vapors are irritating and may cause damage to the eyes.
Contact may cause severe burns and permanent eye damage.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

5.4. Eye protection that protects against splash, laboratory coat, and appropriate gloves
must be worn while samples, standards, solvents, and reagents are being handled.
Cut-resistant gloves must be worn doing any other task that presents a strong
possibility of getting cut. Disposable gloves that have been contaminated must be
removed and discarded; other gloves must be cleaned immediately.
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5.5.  The acidification of samples containing reactive materials may result in the release of
toxic gases, such as cyanides or sulfides. Acidification of samples must be done in a
fume hood. The analyst should also be aware of the potential for a vigorous reaction.

5.6.  Exposure to chemicals must be maintained as low as reasonably achievable. All
samples with stickers that read "Caution/Use Hood!" must be opened in the hood.
Contact the EH&S Coordinator if this is not possible. Solvent and waste containers
must be kept closed unless transfers are being made.

5.7.  All work must be stopped in the event of a known or potential compromise to the
health and safety of a TestAmerica associate. The situation must be reported
immediately to the EH&S Coordinator and the Laboratory Supervisor.

5.8.  Always carry bulk concentrated acid bottles in appropriate impact proof containers.

5.9.  Acid spills must be neutralized immediately, flushed with water, and cleaned up
using appropriate spill kits.

5.10. Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire-
polished as an alternative to disposal.

EQUIPMENT AND SUPPLIES

6.1.  Hot plate, digestion block, or other adjustable heating source capable of maintaining a
temperature of 90-95°C

6.2.  Calibrated thermometer that covers a temperature range of 0-200°C

6.3.  Griffin beakers of assorted sizes or equivalent. Equivalent containers may be
disposable digestion cups for digestion blocks which are certified by the
manufacturer and calibrated by the laboratory.

6.4. Watch glasses, ribbed or equivalent

6.5.  Whatman No. 41 filter paper or equivalent

6.6.  Funnels or equivalent filtration apparatus

6.7.  Graduated cylinder or equivalent capable of measuring 50 mL within 3% accuracy

6.8.  Analytical balance capable of accurately weighing to the nearest 0.01 grams

6.9.  Repeaters or suitable reagent dispensers
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Calibrated automatic pipettes with corresponding pipette tips
Class A volumetric flasks
pH indicator strips (pH range 0 - 6)

Plastic digestate storage bottles, such as Corning Snap Seals (may be used if their
accuracy is documented and is better than 2%)

REAGENTS AND STANDARDS

7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

Reagent water must be produced by a Millipore DI system or equivalent. Reagent
water must be free of the analytes of interest as demonstrated through the analysis of
method blanks as defined in the determinative SOPs.

Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as
custom solutions. All standards must be stored in FEP fluorocarbon or previously
unused polyethylene or polypropylene bottles. Stock standard solutions must be
replaced prior to the expiration date provided by the manufacturer. If no expiration
date is provided, the stock solutions may be used for up to one year and must be
replaced sooner if verification from an independent source indicates a problem.
Additional information can be found in SOP NC-QA-017.

Working ICP LCS/MS spike solution: Prepare the ICP LCS/MS working spike
solution from custom stock standards to the final concentration listed in Table III.
The working spike must be prepared in a matrix of 5% HNO;. This acid (5 mL of
concentrated HNO; per 100 mL) must be added to the volumetric flask before the
addition of the stock standard aliquot. The working ICP LCS solution must be made
fresh every three months.

The ICPMS LCS/MS spike solution is provided directly by the vendor. No further
standard preparation is necessary.

The TCLP MS working spike solution is provided directly by the vendor, no further
standard preparation is necessary. Refer to Table V for final digestate spike
concentrations.

The LCS and MS samples must contain all the elements designated for analysis in
each batch of samples. If a non-routine element is required that is not contained in
the custom solution, the individual facility must purchase a solution from the
designated vendor that will cover the additional analyte(s) of interest and provide for
a final spike concentration that is appropriate to the determinative method.
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Aqueous laboratory control samples (LCS) and matrix spike samples are prepared as
described in Sections 9.5 and 9.6. Refer to Tables III and IV (Appendix A) for
details regarding the stock, working standard and final digestate spike concentrations
for ICP and ICPMS LCS and matrix spike preparations.

Nitric acid (HNO3), concentrated, trace metal grade or better

Hydrochloric acid (HCI), concentrated, trace metal grade or better

Hydrochloric acid, 1:1 - dilute concentrated HCI with an equal volume of reagent
water.

Note: When preparing diluted acids, always add acid to water. If the water is added
to the acid, a violent reaction may occur.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1

8.2.

8.3.

Sample holding time for metals included under the scope of this SOP is 180 days
from the date of collection to the date of analysis.

Aqueous samples are preserved with nitric acid to a pH of <2 and must be stored in
either plastic or glass. If boron is to be determined, plastic containers are preferred.
Refrigeration is not required. Preservation must be verified prior to analysis.

For dissolved metals analysis, the samples must be filtered through a 0.45 um filter
prior to preservation. Filtration must be done in the field. In the event that samples
are not field filtered, filtration occurs in the laboratory prior to preparation.

QUALITY CONTROL

Table VI (Appendix A) provides a summary of quality control requirements including type,
frequency, acceptance criteria and corrective action.

9.1.

9.2.

Preparation Batch: A group of up to 20 samples that are of the same matrix and are
processed together using the same procedures and reagents. The preparation batch
must contain a method blank, an LCS, and a matrix spike/matrix spike duplicate. In
some cases, at client request, it may be appropriate to process a matrix spike and
sample duplicate in place of the MS/MSD. If clients specify specific samples for
MS/MSD, the batch may contain multiple MS/MSD pairs. In cases where there is
insufficient sample volume to perform an MS/MSD, an LCS/LCS duplicate is
required.

Sample Count: Laboratory generated QC samples (method blanks, LCS, MS/MSD)
are not included in the sample count for determining the size of a preparation batch.
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Method Blank (MB): One method blank must be processed with each preparation
batch. The method blank consists of reagent water containing all reagents specific to
the method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to the
reporting of elevated analyte concentrations or false positive data.

9.3.1 Aqueous method blanks are prepared by taking 50 mL of reagent water
through the appropriate procedure as described in Section 11.

9.3.2 TCLP method blanks are prepared by taking 50 mL of leachate fluid through
the appropriate procedure as described in Section 11.

Laboratory Control Sample (LCS): One aqueous LCS must be processed with each
preparation batch. The LCS must contain all analytes of interest and must be carried
through the entire analytical procedure. The LCS is used to monitor the accuracy of
the analytical process. Ongoing monitoring of the LCS results provides evidence that
the laboratory is performing the method within acceptable accuracy and precision
guidelines. Criteria for the acceptance of LCS results are contained within the
individual analytical method SOPs. Refer to Sections 7.3 and 7.4 for instructions on
preparation of the aqueous LCS spike solution.

9.4.1 The aqueous LCS is prepared by spiking a 50 mL aliquot of reagent water
with 1.0 mL for ICP and 0.5 mL for ICPMS of the working LCS/MS spike
solution (Sections 7.3 or 7.4). The LCS is then processed through the
appropriate procedure as described in Section 11.

Note: TCLP LCS is prepared by taking 50 mL of leachate fluid through the
appropriate procedure as described in Section 11.

Additional information on QC samples can be found in QA Policy QA-003.

Matrix Spike/Matrix Spike Duplicate (MS/MSD): One MS/MSD pair must be
processed for each preparation batch. A matrix spike (MS) is a field sample to which
known concentrations of target analytes have been added. A matrix spike duplicate
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared
and analyzed along with the sample and matrix spike. Some client-specific data
quality objectives (DQOs) may require the use of sample duplicates in place of or in
addition to MS/MSDs. The MS/MSD results are used to determine the effect of a
matrix on the precision and accuracy of the analytical process. Samples identified as
field blanks cannot be used for MS/MSD analysis.

9.6.1 The aqueous matrix spike sample is prepared by spiking a 50 mL aliquot of a
sample with 1.0 mL for ICP and 0.5 mL for ICPMS of the working LCS/MS
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spike solution (Sections 7.3 or 7.4). The matrix spike sample is then
processed as described in Section 11.

9.6.2 The TCLP matrix spike sample is prepared by spiking a 50 mL aliquot of a
leachate with 0.5 mL of the working TCLP spike solution (Section 7.5). The
matrix spike sample is then processed as described in Section 11.

NOTE: The TCLP matrix spike must be added prior to preservation of the
leachate.

NOTE: If analytes outside of the RCRA list are requested, | mL of additional
spiking solution(s) are added.

9.6.3 If insufficient sample is available to process a MS/MSD, then a second LCS
must be processed.

9.7.  Control Limits

9.7.1 Control limits are established by the laboratory as described in SOP
NC-QA-018.

9.7.2 Laboratory control limits are internally generated and updated periodically
unless method specified. Control limits are easily accessible via LIMS (QC
Browser program).

9.8 Method Detection Limits (MDLs) and MDL Checks

9.8.1 MDLs and MDL Checks are established by the laboratory as described in
SOPs NC-QA-021 and CA-Q-S-006.

9.8.2 MDLs are easily accessible via LIMS (QC Browser program)
9.9  Nonconformance and Corrective Action
9.9.1 Any deviations from QC procedures must be documented as a nonconformance
with applicable cause and corrective action approved by the facility QA
Manager.

10. CALIBRATION AND STANDARDIZATION

10.1 The hotplate/hotblock temperature must be verified daily for each hotplate used, and
must be recorded on a hotplate/hotblock temperature log.
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PROCEDURE

11.1.  One-time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample matrix,
chemistry, sample size, or other parameters. Any variation in procedure must be
completely documented using a Nonconformance Memo. The Nonconformance
Memo must be filed in the project file.

11.2.  Any unauthorized deviations from this procedure must also be documented as a
nonconformance with a cause and corrective action described.

11.3. All digestion procedures must be carried out in a properly functioning hood.

11.4. All samples are to be checked out of Sample Control with an electronic chain of
custody.

11.5. Proper sample identification is extremely important in any preparation procedure.
Labeling of beakers and bottles must be done in a manner to ensure connection with
the proper sample.

11.6. Samples are typically logged in as either waters or soils. Wastes such as organic
liquids or sludges and tissues (animal/vegetable) are usually logged in with solid test
codes. When initiating prep, examine the sample to see if the sample matches the
matrix designation. If the sample is logged in as aqueous but it appears more like a
waste (biphasic, sludge like, organic liquid, lots of sediment, etc.), contact the lab
supervisor or project manager for further instructions. In some cases, it may be more
appropriate to process these samples as solids.

11.7.  If possible, prepare all the samples of a project at the same time to minimize the QC
required and streamline the flow of the project through the lab and Reporting group.

11.8.  Guidelines are provided in the appendices on procedures to minimize contamination
of samples and standards.

11.9.  For DoD work, refer to SOP NC-QA-016 for specific details.
11.10. The following procedure must be followed for all aqueous sample preparations.
11.10.1 Mix sample by shaking the container.

11.10.2 Measure 50 mL of the sample into a calibrated digestion tube. (Beakers
may be used for oil matrices.)
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Measure two extra aliquots of sample selected for the MS/MSD analysis.
Spike each aliquot with the appropriate spiking solutions (Sections 7.3 to
7.5 and 9.6).

Measure 50 mL of reagent water into a calibrated digestion tube for the
method blank.

Measure 50 mL of reagent water into a calibrated digestion tube for the LCS
and add the appropriate spiking solutions (Sections 7.3 to 7.5 and 9.6).

Method 3005A / Method 200.7 / Method 200.8 - Preparation for Total Recoverable
or Dissolved Metals Analysis by ICP / ICPMS

11.11.1

11.11.2

11.11.3

11.11.4

11.11.5

11.11.6

11.11.7

To the sample container, add 1 mL of concentrated HNO; and 2.5 mL of
concentrated HCI.

Cover with ribbed watch glass.

Heat at 90-95°C until volume is reduced to between 15 and 20 mL. For
DoD samples, the final volume is reduced to between 5 and 10 mL.

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing
so will result in the loss of analyte and the sample must be
reprepared.

Cool the beaker in a fume hood.

Filter sample, if insoluble materials are present, through Whatman 41 filter
paper into a plastic storage container, such as a Corning Snap Seal™

Note: If any samples in a preparation batch are filtered, the method blank
and LCS associated with that batch must also be filtered.

Rinse container and filter paper with reagent water to ensure complete
sample transfer.

Adjust the final volume to 50 mL with reagent water in the Snap Seal™
container if the digestate was filtered or in the hot block digestion tube if
filtering was not necessary. The sample is now ready for analysis.

Method 3010A / Method 200.7 - Preparation for Total Metals Analysis by ICP
Spectroscopy
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11.12.1 To the sample container, add 3.0 mL of concentrated HNOs,
11.12.2 Cover with ribbed watch glass.

11.12.3 Place container on hotblock 90-95°C, and evaporate to a volume of 15-20
mL, while ensuring that no portion of the bottom of the beaker is allowed to
go dry. For DoD projects, the sample is evaporated to 5-10 mL.

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing
so will result in the loss of analyte and the sample must be re-prepared.

11.12.4 Add 5 mL of 1:1 HCIL.

11.12.5 Cover and reflux for an additional 15 minutes to dissolve precipitate or
residue. Cool in a fume hood.

11.12.6 Filter sample, if insoluble materials are present, through Whatman 41 filter
paper into a plastic storage container, such as a Corning Snap Seal™.,

Note: If any samples in the QC batch are filtered, the method blank and
LCS associated with that batch must also be filtered.

11.12.7 Rinse container and filter paper with reagent water to ensure complete
sample transfer.

11.12.8 Adjust final volume to 50 mL with reagent water in the Snap Seal™
container if the digestate was filtered, or in the hot block digestion tube if
filtering was not necessary. The sample is now ready for analysis.

11.13. Analytical Documentation

11.13.1 Record all analytical information in the analytical logbook/logsheet,
including the analytical data from standards, blanks, LCSs, MS/MSDs, and
any corrective actions or modifications to the method.

11.13.2 All standards and reagents are logged into a department standard logbook.
All standards are assigned a unique number for identification. Logbooks are
reviewed by the supervisor or designee.

11.13.3 Documentation such as all associated instrument printouts (final runs,

screens, reruns, QC samples, etc.) and daily calibration data corresponding
to all final runs is available for each data file.
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11.13.4 Sample results and associated QC are entered into LIMs after final technical
review.

12. DATA ANALYSIS AND CALCULATIONS

Not applicable

13. METHOD PERFORMANCE
13.1. Initial Demonstration

13.1.1. Each laboratory must make an initial demonstration of capability for each
individual method. This requires analysis of four QC Check samples. The QC
check sample is a well-characterized laboratory generated sample used to
monitor method performance, which should contain all the analytes of
interest. The spiking level should be equivalent to a mid-level calibration.
(For certain tests more than one set of QC check samples may be necessary in
order to demonstrate capability for the full analyte list.)

13.1.2. Four aliquots of the QC check sample are analyzed using the same procedures
used to analyze samples, including sample preparation.

13.1.3. Calculations and acceptance criteria for the QC check samples are given in the
determinative SOPs.

13.2. Training Qualification

13.2.1  The Group/Team Leader has the responsibility to ensure this procedure is
performed by an associate who has been properly trained in its use and has
the required experience.

13.2.2  Method validation information (where applicable) in the form of laboratory
demonstrations of capabilities is maintained for this method in the
laboratory QA files.

14. POLLUTION PREVENTION

14.1. Ttis TestAmerica’s policy to evaluate each method and look for opportunities to
minimize waste generated (i.e., examine recycling options, ordering chemicals based
on quantity needed, preparation of reagents based on anticipated usage, and reagent
stability). Employees must abide by the policies in Section 13 of the Corporate
Environmental Health and Safety Manual (CW-E-M-001) for “Waste Management
and Pollution Prevention”.
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15. WASTE MANAGEMENT

15.1.

15.2.

15.3.

All waste must be disposed of in accordance with Federal, State and Local
regulations. Where reasonably feasible, technological changes have been
implemented to minimize the potential for pollution of the environment. Employees
must abide by this method and the policies in Section 13 of the Corporate
Environmental Health and Safety Manual (CW-E-M-001) for “Waste Management
and Pollution Prevention”.

Waste Streams Produced by the Method
15.2.1 The following waste streams are produced when this method is carried out.

15.2.1.1 Acidic waste containing nitric acid generated by the extraction.
This waste is disposed of in the designated container labeled “Acid
Waste”.

15.2.1.2 Contaminated disposable materials utilized for the analysis. This
waste is disposed of in a designated container identified as “Solid
Waste”.

Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices TestAmerica.
They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks followed by an annual refresher training.

16. REFERENCES

16.1.

References

16.1.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-
846, 3rd Edition, Final Update I, Revision 1, July 1992. Methods 3005A and
3010A

16.1.2 Methods for the Chemical Analysis of Water and Waste (MCAWW), 1983

16.1.3 TestAmerica North Canton Quality Assurance Manual (QAM), current
version

16.1.4 TestAmerica Corporate Environmental Health and Safety Manual,

CW-E-M-001, and TestAmerica North Canton Facility Addendum and
Contingency Plan, current version
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Historical File:

Revision 1.2: 03/20/00

Revision 1.6: 02/07/07

(formerly CORP-IP-0003NC)

Revision 1.3: 09/25/01

Revision 0: 09/30/08 (NC-IP-011)

Revision 1.4: 02/19/03

Revision 1.5: 12/07/04

16.2. Associated SOPs and Policies, current version

16.2.1 TestAmerica QC Program, QA-003

16.2.2 Glassware Washing, NC-QA-014

16.2.3 Statistical Evaluation of Data and Development of Control Charts,

NC-QA-018

16.2.4 Method Detection Limits and Instrument Detection Limits, CA-Q-S-006 and

NC-QA-021

16.2.5 Supplemental Practices for DoD Project Work, NC-QA-016

16.2.6 Standards and Reagents, NC-QA-017

16.2.7 Subsampling, NC-IP-001

16.2.8 Inductively Coupled Plasma-Atomic Emission Spectroscopy, Spectrometric
Method for Trace Element Analyses, SW846 Methods 6010A, 6010B, and
200.7, NC-MT-012

17.  MISCELLANEOUS (TABLES, APPENDICES, ETC.)

17.1. Modifications/Interpretations from reference methods

17.1.1 Modifications applicable to SW-846 reference methods

17.1.1.1 The referenced methods as well as Table 3-1 of SW-846 refer to the
use of a 100 mL aliquot for digestion. This SOP requires the use of
a 50 mL sample size to reduce waste generation. The use of reduced
sample volumes are supported in EPA’s document “Response to
Public Comments Background Document, Promulgation of the
Second Update to SW-846, Third Edition” dated November 3, 1994.
This document stated “flexibility to alter digestion volumes is
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addressed and “allowed” by Table 3-1 and is also inherently allowed
by specific digestion methods. Table 3-1 is only to be used as
guidance when collecting samples. EMSL-Ci has also taken the
stance that “reduction in sample size and appropriate corresponding
reduction in sample volume is not considered a significant change in
the methodology.” Additionally, in written correspondence from the
Office of Solid Waste, Oliver Fordham stated ““ As a “representative
sample” can be assured, scaling causes no loss of precision and
accuracy in the analysis.”

17.1.2 Modifications Specific to Method 3010A

17.1.2.1 Section 11.11.3 of this SOP requires the sample be reduced to a
volume of 15 - 20 mL. Section 7.2 of Method 3010A states the
volume should be reduced to 3 mL, but also states that no portion of
the bottom of the beaker should go dry. The SOP required volume is
a closer approximation of the volume required to provide an
adequate covering of the beaker so as to prevent the loss of critical
analytes through volatilization.

17.1.3 Modifications Specific to MCAWW Methods

17.1.3.1 It was determined by technical review that several of the MCAWW
methods were equivalent to the SW-846 methods and therefore were
combined under the scope of this SOP as described in Section 11.0.
The nature of the differences were deemed insignificant in regards to
the amount of acid added and the evaporative volume based on the
flexibility allowed by the methods (i.e., add additional acid as
required) and the subjective wording of the methods (i.e., evaporate
to near dryness vs. an exact volume).
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APPENDIX A
TABLES
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TABLE 1. Approved Preparation Method Analytes - SW846
ELEMENT | Symbol | CAS Number | 3005A | 3010
A
Aluminum Al 7429-90-5 X X
Antimony Sb 7440-36-0 X
Arsenic As 7440-38-2 X X
Barium Ba 7440-39-3 X X
Beryllium Be 7440-41-7 X X
Cadmium Cd 7440-43-9 X X
Calcium Ca 7440-70-2 X X
Chromium Cr 7440-47-3 X X
Cobalt Co 7440-48-4 X X
Copper Cu 7440-50-8 X X
Iron Fe 7439-89-6 X X
Lead Pb 7439-92-1 X X
Magnesium Mg 7439-95-4 X X
Manganese Mn 7439-96-5 X X
Molybdenum Mo 7439-98-7 X X
Nickel Ni 7440-02-0 X X
Potassium K 7440-09-7 X X
Selenium Se 7782-49-2 X X
Silver Ag 7440-22-4 X X
Sodium Na 7440-23-5 X X
Thallium Tl 7440-28-0 X X
Vanadium \Y 7440-62-2 X X
Zinc Zn 7440-66-6 X X

X - Designates that the preparation method is approved for an element.

Note: Additional elements may be analyzed following digestion by these protocols provided the
method performance criteria specified in Section 13.0 of the SOP are met.
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TABLE II. Approved Preparation Method Analytes — NPDES
200.7 | 200.7
ELEMENT | Symbol | CAS Number | (9.4) (9.3)
Aluminum Al 7429-90-5 X X
Antimony Sb 7440-36-0 X X
Arsenic As 7440-38-2 X X
Boron B 7440-42-8 X X
Barium Ba 7440-39-3 X X
Beryllium Be 7440-41-7 X X
Cadmium Cd 7440-43-9 X X
Calcium Ca 7440-70-2 X X
Chromium Cr 7440-47-3 X X
Cobalt Co 7440-48-4 X X
Copper Cu 7440-50-8 X X
Iron Fe 7439-89-6 X X
Lead Pb 7439-92-1 X X
Magnesium Mg 7439-95-4 X X
Manganese Mn 7439-96-5 X X
Molybdenum Mo 7439-98-7 X X
Nickel Ni 7440-02-0 X X
Potassium K 7440-09-7 X X
Selenium Se 7782-49-2 X X
Silicon Si 7631-86-9 X X
Silver Ag 7440-22-4 X X
Sodium Na 7440-23-5 X X
Thallium Tl 7440-28-0 X X
Vanadium \Y 7440-62-2 X X
Zinc Zn 7440-66-6 X X

X - Designates that the preparation method is approved for an element

Note: Additional elements may be analyzed following digestion by these protocols provided the
method performance criteria specified in Section 13.0 of the SOP are met.
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TABLE III. ICP Matrix Spike and Aqueous Laboratory Control Sample Levels

Working
LCS/MS Aqueous LCS/ MS
ELEMENT Standard Level * (ug/l)
(mg/L)
Aluminum 100 2000
Antimony 25 500
Arsenic 100 2000
Barium 100 2000
Beryllium 2.5 50
Cadmium 2.5 50
Calcium 2500 50000
Chromium 10 200
Cobalt 25 500
Copper 12.5 250
Iron 50 1000
Lead 50 500
Magnesium 2500 50000
Manganese 25 500
Molybdenum 50 1000
Nickel 25 500
Potassium 2500 50000
Selenium 100 2000
Silver 2.5 50
Sodium 2500 50000
Thallium 100 2000
Vanadium 25 500
Zinc 25 500
Boron 50 1000
Tin 100 2000
Titanium 50 1000

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or
matrix spike based on the addition of 1.0 mL working spike (7.3) to 50 mL of sample.

TABLE IV. ICPMS Aqueous LCS and Matrix Spike Levels
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Working LCS/MS | Aqueous LCS/MS
ELEMENT Standard (mg/L) Level* (ug/L)

Aluminum 1000 10000
Antimony 10 100
Arsenic 10 100
Barium 10 100
Beryllium 10 100
Cadmium 10 100

Calcium 1000 10000
Chromium 10 100
Cobalt 10 100
Copper 10 100

Iron 1000 10000
Lead 10 100

Magnesium 1000 10000
Manganese 10 100
Molybdenum 10 100
Nickel 10 100

Potassium 1000 10000
Selenium 10 100
Silver 10 100

Sodium 1000 10000
Strontium 10 100
Thallium 10 100
Vanadium 10 100
Zinc 10 100
Boron 10 100
Tin 10 100
Titanium 10 100

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or
matrix spike based on the addition of 0.5 mL working spike (Section 7.4) to 50 mL of sample.
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TABLE V. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels for ICP

Regulatory Limit Spike Level
ELEMENT RL (ug/L) g g /If) p(ug )

Arsenic 500 5000 5000

Barium 10000 100000 50000
Cadmium 100 1000 1000
Chromium 500 5000 5000
Lead 500 5000 5000
Selenium 250 1000 1000
Silver 500 5000 1000

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or
matrix spike based on the addition of 0.5 mL working spike (Section 7.5) to 50 mL of sample.
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TABLE VI. Summary of Quality Control Requirements

QC CORRECTIVE
PARAMETER FREQUENCY ACCEPTANCE CRITERIA ACTION
Method Blank One per sample Refer to determinative SOPs: Redigest and

preparation batch - NC-MT-0002 re-analyze samples

of up to 20 - NC-MT-012 associated with the

samples. method blank.
Laboratory One per sample Refer to determinative SOPs: Redigest and

Control Sample | preparation batch - NC-MT-0002 re-analyze all
(LCS) of up to 20 - NC-MT-012 samples associated
samples. with the LCS.
Matrix Spike One per sample Refer to determinative SOPs: Reprep not required
preparation batch - NC-MT-0002 unless preparation
of up to 20 - NC-MT-012 error suspected.
samples.
Matrix Spike See Matrix Spike | Refer to determinative SOPs: See Corrective
Duplicate - NC-MT-0002 Action for Matrix
- NC-MT-012 Spike.
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES

The following procedures are strongly recommended to prevent contamination:

All glassware must be washed with detergent and tap water and rinsed with 1:1 nitric
acid followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the
metals laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder
contains zinc, as well as other metallic analytes. Only vinyl or nitrile gloves must be
used in the metals laboratory.

Glassware must be periodically checked for cracks and etches and discarded if found.
Etched glassware can cause cross contamination of any metallic analytes.

The following are helpful hints in the identification of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated with the
improper use of a pipette.

Improper cleaning of glassware can cause contamination.

Separate glassware if an unusually high sample is analyzed and soak with sulfuric
acid prior to routine cleaning.
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SCOPE AND APPLICATION

11.  This procedure describes the preparation of soil samples for the analysis of certain metals by
Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP) and Inductively Coupled
Plasma-Mass Spectrometry (ICPMS) as specified in SW846 Method 3050B.

12. Samples prepared by the protocols detailed in this SOP may be analyzed by ICP or ICPMS for
the elements listed in Table | (Appendix A). Other elements and matrices may be anayzed
following digestion by these protocols provided that the method performance criteria specified
in Section 13.0 of this SOP are met.

13.  Thismethod is not atota digestion, but will dissolve dmost al metals that could become
“environmentally available’. By design, metals bound in silicate structures are not dissolved by
this procedure, as they are not usualy mobile in the environment. This SOP can be applied to
metas in solids, dudges, wastes, and sediments.

14 This document accurately reflects current laboratory Standard Operating Procedures (SOP) as
of the date above. All facility SOPs are maintained and updated as necessary.

SUMMARY OF METHOD

21 A representative 1 gram (wet weight) portion of sampleis digested in nitric acid and hydrogen
peroxide. The digestate is refluxed with hydrochloric acid for ICP and ICPMS analysis. The
digestates are then filtered and diluted to 100 mL.

DEFINITIONS

3.1 Refer to the glossary in the TestAmerica North Canton Quality Assurance Manua (QAM),
latest version.

INTERFERENCES

4.1.  There are numerous routes by which samples may become contaminated. Potential sources of
trace metals contamination include metallic or metal-containing labware (e.g., talc gloves which
contain high levels of zinc), containers, impure reagents, dirty glassware, improper sample
transfers, dirty work areas, atmospheric inputs such as dirt and dust, etc. Be aware of
potential sources of contamination, and take appropriate measures to minimize or avoid them.
All glassware is cleaned per SOP NC-QA-014.

4.2.  Theentire work area, including the bench top and fume hood, must be thoroughly cleaned on a
routine schedule in order to minimize the potential for environmental contamination.
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4.3. Boron from the glassware may leach into the sample solution during, and following, sample
processing. For critica low-level determinations of boron, only quartz and/or plastic labware
are recommended.

4.4.  Visud interferences or anomalies, such as foaming, emulsions, precipitates, etc., must be
documented.

45.  Allowing samplesto boil or go dry during digestion may result in the loss of volatile metas. If
this occurs, the sample must be reprepared. Antimony is easily lost by volatilization from
hydrochloric media

46.  Specific analytica interferences are discussed in each of the determinative methods.

SAFETY

5.1. Employees must abide by the policies and procedures in the Corporate Environmental Health
and Safety Manual and this document.

52.  Samplesthat contain high concentrations of carbonates or organic material or samples that are
at elevated pH can react violently when acids are added.

53. Thefollowingisalist of the materias used in this method, which have a serious or significant

hazard rating. NOTE: Thislist doesnot include all materials used in the method. The
table contains a summary of the primary hazardslisted in the MSDS for each of the
materialslisted in thetable. A complete list of materias used in the method can be found in
the Reagents and Standards section. Employees must review the information in the MSDS for
each material before using it for the first time or when there are major changes to the MSDS.

Material Hazards Exposure

(1) Limit (2) Signs and symptoms of exposure

Hydrochloric | Corrosive | 5ppm-Ceiling | Inhalation of vapors can cause coughing, choking,
Acid Poison inflammation of the nose, throat, and upper respiratory tract,

and in severe cases, pulmonary edema, circulatory failure,
and death. Can cause redness, pain, and severe skin burns.
Vapors areirritating and may cause damage to the eyes.
Contact may cause severe burns and permanent eye damage.

Hydrogen
Peroxide

Oxidizer
Corrosive

1 ppm-TWA

Vapors are corrosive and irritating to the respiratory tract.
Vapors are very corrosive and irritating to the eyes and skin.
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Nitric Acid Corrosive
Oxidizer
Poison

2 ppm-TWA
4 ppm-STEL

Nitric acid is extremely hazardous; it is corrosive, reactive, an
oxidizer, and a poison. Inhal ation of vapors can cause
breathing difficulties and lead to pneumonia and pulmonary
edema, which may be fatal. Other symptoms may include
coughing, choking, and irritation of the nose, throat, and
respiratory tract. Can cause redness, pain, and severe skin
burns. Concentrated solutions cause deep ulcers and stain
skin ayellow or yellow-brown color. Vapors areirritating and
may cause damage to the eyes. Contact may cause severe
burns and permanent eye damage.

1 — Always add acid to water to prevent violent reactions.

2 — Exposure limit refers to the OSHA regulatory exposure limit.

5.4

5.5

5.6

5.7

5.8

5.9

5.10

Eye protection that protects against splash, laboratory coat, and appropriate gloves must be
worn while samples, standards, solvents, and reagents are being handled. Cut-resistant gloves
must be worn doing any other task that presents a strong possibility of getting cut. Disposable
gloves that have been contaminated must be removed and discarded; other gloves must be

cleaned immediately.

The acidification of samples containing reactive materials may result in the release of toxic
gases, such as cyanides or sulfides. Acidification of samples must be done in afume hood.
The analyst must also be aware of the potentia for a vigorous reaction.

Exposure to chemicals must be maintained as low as reasonably achievable. All samples
with gtickers that read "Caution/Use Hood!" must be opened in the hood. Contact the EH& S
Coordinator if thisis not possible. Solvent and waste containers must be kept closed unless
transfers are being made.

All work must be stopped in the event of a known or potential compromise to the health and
safety of a TestAmerica North Canton associate. The situation must be reported immediately
to the EH& S Coordinator and the Laboratory Supervisor.

Always carry bulk concentrated acid bottles in appropriate impact proof containers.

Acid/peroxide spills must be neutralized immediately, flushed with water and cleaned up using

appropriate spill kits.

Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire polished
as an dternative to disposal.

EQUIPMENT AND SUPPLIES
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Hot plate, digestion block, steam bath, or other hesting source capable of maintaining a
temperature of 91-99°C

Calibrated thermometer that covers a temperature range of 0-200°C

Vapor recovery device (Watch glasses, ribbed or other device)

Whatman No. 41 filter paper or equivalent

Funnels or equivalent filtration apparatus

Andytica balance capable of accurately weighing to the nearest 0.01 grams
Repeaters or suitable reagent dispensers

Cadlibrated automatic pipettes with corresponding pipette tips: 100uL, 500uL, 1mL-5mL
Class A volumetric flasks

Plastic digestate storage bottles, such as Corning Snap Seals™ (may be used if their accuracy
is documented and is better than 2%)

Boiling Stones.  Ultra Pure PTFE or equivalent

REAGENTSAND STANDARDS

7.1

7.2.

7.3.

Reagent water must be produced by a Millipore DI system or equivalent. Reagent water must
be free of the analytes of interest as demonstrated through the analysis of method blanks as
defined in the determinative SOPs.

Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as custom
solutions. All standards must be stored in FEP fluorocarbon or previously unused polyethylene
or polypropylene bottles. Stock standard solutions must be replaced prior to the expiration date
provided by the manufacturer. If no expiration date is provided, the stock solutions may be
used for up to one year and must be replaced sooner if verification from an independent source
indicates a problem. Additional information can be fund in SOP NC-QA-017.

Working ICP LCS/MS spike solution. Prepare the ICP LCS/MS working spike solutions from
custom stock standards to the final concentration listed in Table 1. The working spike must be
prepared in amatrix of 5% HNOs. Thisacid (5 mL of concentrated HNO3; per 100 mL) must
be added to the volumetric flask before the addition of the stock standard aliquot. The
working ICP LCS solution must be made fresh every three months. Refer to the Standards
Logbook for details on standard preparation.
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74. ICPMS LCS/MS spike solution. Laboratory Control Sample (LCS) and matrix spike (MS)
solutions are custom made so the final concentrations after spiking equal's the concentrations
listed in Tablel1l.

75. TheLCSand MS samples must contain all the elements designated for analysis in each batch
of samples. If anon-routine element is required that is not contained in the custom solution, the
individual facility must purchase a solution from the designated vendor that will cover the
additional analyte(s) of interest and provide for afinal spike concentration that is appropriate to
the determinative method.

7.6. Nitric acid (HNQOs), concentrated, trace metal grade or better
1.7. Nitric acid, 1:1 - dilute concentrated HNOs; with an equal volume of reagent water

Note: When preparing diluted acids, aways add acid to water. If the water is added to the
acid aviolent reaction may occur.

7.8. Hydrochloric acid (HCI), concentrated, trace metal grade or better
79.  30% Hydrogen peroxide (H.O,), Ultrapure grade
SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 Sample holding time for metals included under the scope of this SOP is 180 days from the date
of sample collection to the date of anaysis.

8.2 Soil samples do not require preservation.
QUALITY CONTROL

Table IV (Appendix A) provides a summary of quality control requirements including type, frequency,
acceptance criteria, and corrective action.

9.1 Initia Demonstration of Capability

Prior to analysis of any analyte using Method 3050B the following requirements must be met.

9.11. Method Detection Limit (MDL) - An MDL must be determined for each
anayte/matrix prior to the analysis of any samples. The result of the MDL
determination must be below the TestAmerica North Canton reporting limit. Criteria
for DoD work is noted in SOP NC-QA-016.

9.1.2. Initid Demonstration Study - This requires the analysis of four QC check samples.
The QC check sample is a well-characterized laboratory generated sample used to
monitor method performance, which must contain al the analytes of interest. The
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results of the initiad demonstration study must be acceptable before analysis of samples
may begin. The results of the initiad demonstration study may be used to extend a
method for the analysis of other elements provided all acceptance criteria are met.

9.1.21. Four aiquots of the check sample (LCS) are prepared and analyzed using
the procedures detailed in this SOP and the determinative SOPs.

9.1.2.2. Cdculations and acceptance criteriafor QC check samples are given in the
determinative SOP NC-MT-012.

Preparation Batch - A group of up to 20 samples that are of the same matrix and are
processed together using the same procedures and reagents. The preparation batch must
contain a method blank, an LCS, and a matrix spike/matrix spike duplicate. 1n some cases, at
client request, it may be appropriate to process a matrix spike and sample duplicate in place of
the MSIMSD. If clients specify specific samples for MS/MSD, the batch may contain multiple
MSMSD pairs.

Sample Count - Laboratory generated QC samples (method blanks, LCS, MS/MSD) are not
counted towards the maximum 20 samplesin abatch. Field QC samples are included in the
batch count.

Method Blank (MB) - One method blank must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the method that is
carried through the entire andytical procedure, including preparation and analysis. The method
blank is used to identify any system and process interferences or contamination of the
analytical system that may lead to the reporting of elevated anayte concentrations or false
positive data. Criteriafor the acceptance of blanks are contained within the individua
anaytica method SOPs. If the method blank does not meet the criteria contained within the
anaytica method SOPs, the blank and all associated samples in the batch must be redigested.

94.1. TheMB isprepared by weighing a 1g diquot of boiling chips. The MB is then
processed as described in Section 11.9.

Laboratory Control Sample (LCS) - One agueous LCS must be processed with each
preparation batch. The LCS must contain al analytes of interest and must be carried through
the entire analytical procedure. The LCSis used to monitor the accuracy of the analytical
process. Ongoing monitoring of the LCS results provides evidence that the laboratory is
performing the method within acceptable accuracy and precision guidelines. Criteriafor the
acceptance of LCS results are contained within the individual analytical method SOPs.
Corrective action when LCS results fail to meet control limits will be repreparation and
reanalysis of the batch. Table Il provide the details regarding the stock, working standards, and
final spike concentrations for ICP and ICPMS. Refer to Section 7.4 for instructions on
preparation of the agueous LCS.

95.1. ThelCPLCSis prepared by spiking a 1g aiquot of boiling chipswith 2 mL of the
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working LCS/MSS spike solution (Section 7.4). The ICPMSLCSiis prepared by spiking
alg diquot of boiling chips with 1 mL of the LCS/MS solution (Section 7.4). The LCS
is then processed as described in Section 11.9.

Additiond information on QC samples can be found in QA Policy QA-003. Ohio VAP projects
must reference this SOP instead of policy QA-003 for information on QC samples.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed for
each preparation batch. A matrix spike (MS) is afield sample to which known concentrations
of target analytes have been added. A matrix spike duplicate (MSD) is a second aliquot of the
same sample (spiked identicaly as the MS) prepared and analyzed aong with the sample and
matrix spike. Some client specific data quaity objectives (DQOs) may require the use of
sample duplicates in place of or in addition to MS/MSDs. The MS/MSD results are used to
determine the effect of a matrix on the precision and accuracy of the analytical process.
Samples identified as field blanks cannot be used for MSMSD andysis. If any anadyte
recovery or RPD falls outside the acceptance range, the recovery of that analyte must bein
control for the LCS. If the recovery of the LCS is outside limits, corrective action must be
taken. Corrective action will include repreparation and reanalysis of the batch. Corrective
action when M S results fail to meet control limits does not include repreparation of samples
unless the results indicate that a spiking error may have occurred. Table Il provides the details
regarding the stock, working standards and final matrix spike concentrations for ICP and
ICPMS. Refer to Section 7.4 for instructions on preparation of the working matrix spike
solutions.

9.7.1. ThelCP matrix spike is prepared by spiking a 1g adiquot of sample with 2 mL of the
working LCS/MS spike solution (Section 7.4) The ICPMS matrix spike is prepared by
spiking a 1g diquot of sample with 1 mL of the LCS/M S solution (Section 7.4) The
matrix spike is then processed as described in Section 11.9.

CALIBRATION AND STANDARDIZATION

10.1.  Hotblock temperature must be verified daily for each unit used, and must be recorded in a
hotblock temperature log.

PROCEDURE

111.  Onetime procedurd variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, chemistry, sample size, or
other parameters. Any variation in procedure must be completely documented using a
Nonconformance Memo. The Nonconformance Memo must be filed in the project file.

11.2.  Any unauthorized deviations from this procedure must also be documented as a
nonconformance with a cause and corrective action described.

11.3. The heating procedures are carried out in a properly functioning hood.
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All samples are to be checked out of Sample Control with an e ectronic Chain-of-Custody.

Proper sample identification is extremely important in any preparation procedure. Labeling of
beakers and bottles must be done in a manner to ensure connection with the proper sample. An
automatic label printing program is used to reduce transcription errors (QuantlM S option).

Samples are typicdly logged in as either waters or soils. Wastes, such as organic liquids or
dudges and tissues (animal/vegetable), are usualy logged in with solid test codes. When
initiating prep, examine the sample to see if the sample matches the matrix designation.

If possible, prepare al the samples of a project at the same time to minimize the QC required
and streamline the flow of the project through the lab and Reporting Group.

Guiddines are provided in the appendices on procedures to minimize contamination of samples
and standards. Refer to Appendix B for details.

Preparation of Soils, Sediments, and Sludges for Anaysis by ICP and ICPMS

119.1. Mix sample thoroughly by stirring with a clean plastic or wooden spoon or spatula

11.9.2.  For each digestion procedure required (i.e., ICP or ICPMS), weigh a 1g portion of
solid and record the exact weight to the nearest 0.01g. A 2g sample size may aso be
used if needed to meet the reporting limits.

11.93. Measure additiona aliquots of the designated samples for the MS and MSD
analyses.

11.94. Add 10 mL of 1:1 HNO3 and mix the sample.

11.95. Heat sampleto 95° +4° C and reflux for 10 minutes without boiling, using a vapor
recovery device.

Note: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY during any part
of the digestion. Doing so will result in the loss of anayte and the sample must be
reprepared.

11.9.6 Add5 mL of concentrated HNOs.

11.9.7 Reflux at 95°+4° C for 30 minutes. (Add reagent water, as needed, to ensure that
the volume of solution is not reduced to lessthan 5 mL.)

11.9.8 Add approximately 2 mL of reagent water and 1 mL of 30 % H,0O,. Care must be
taken to ensure that losses do not occur due to excessively vigorous effervescence.
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1199  Continue adding 30% H,O, in 1 mL aiquots until effervescence is minimad or sample
appearance is unchanged. Make sure effervescence subsides before each addition
of H,0,.

Note: Do not add more than atotal of 10 mL of 30 % H,O..
11.9.10 Continue hegting a 95° + 4° C for two hours.

11.9.11 Add 10 mL of concentrated HCL and reflux for an additiona 15 minutes without
bailing.
11.9.12 Allow the sampleto cool.

11.9.13 Filter sample through Whatman 41 filter paper or equivaent into a measuring bottle
(for example, Corning Snap Seals™). These may be used if their accuracy is
documented and is better than + 2%. Rinse sample container and filter paper with
reagent water to ensure complete sample transfer.

11.9.14 Dilute sample to 100 mL with reagent water. The sample is now ready for analysis.

11.10. Analytica Documentation

11.10.1. Record al andytica information in the analytical logbook/logshest, including the
andytical datafrom standards, blanks, LCSs, MS/MSDs, and any corrective actions
or modifications to the method.

11.10.2. All standards and reagents are logged into a department standard logbook. All
standards are assigned a unique number for identification. Logbooks are reviewed
by the supervisor or designee.

DATA ANALYSISAND CALCULATIONS

Not gpplicable

METHOD PERFORMANCE

13.1.

13.2.

133.

Method performance is determined by the analysis of matrix spike and matrix spike duplicate
samples as well as method blanks and laboratory control samples. Acceptance criteria are
given in the determinative SOPs.

The initial demonstration study as detailed in Section 9.1.2 must be acceptable before the
anaysis of field samples under this SOP may begin. The results of the initial demonstration
study may be used to extend a method for the analysis of other elements provided al
acceptance criteria are met.

Training Qudification
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The Group/Team Leader has the responsibility to ensure this procedure is performed by an
associate who has been properly trained in its use and has the required experience.

POLLUTION PREVENTION

14.1.

Itis TestAmerica s policy to evaluate each method and look for opportunities to minimize
waste generated (i.e., examine recyling options, ordering chemicals based on quantity needed,
preparation of reagents based on anticipated usage and reagent stability). Employees must
abide by the policiesin Section 13 of the Corporate Environmental Health and Safety Manual
(CW-E-M-001) for “Waste Management and Pollution Prevention”.

WASTE MANAGEMENT

15.1.

15.2.

All waste will be disposed of in accordance with Federal, State and Local regulations. Where
reasonably feasible, technological changes have been implemented to minimize the potentia for
pollution of the environment. Employees will abide by this method and the policiesin Section
13 of the Corporate Environmental Health and Safety Manua (CW-E-M-001) for “Waste
Management and Pollution Prevention”.

Waste Streams Produced by the Method
15.2.1. The following waste streams are produced when this method is carried out.

15.2.1.1. Acidic waste containing nitric acid generated by the extraction. This waste
is disposed of in adesignated container labeled “Acid Waste”.

15.2.1.2. Contaminated disposable materids utilized for the analysis. Thiswasteis
disposed of in adesignated container labeled “ Solid Waste”.

REFERENCES

16.1.

References

16.1.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd
Edition, Final Update 111, December 1996, Method 3050B

16.1.2. TestAmerica North Canton Quality Assurance Manua (QAM), current version

16.1.3. TestAmerica Corporate Environmental Health and Safety Manual, CW-E-M-001, and
TestAmerica North Canton Facility Addendum and Contingency Plan, current version

16.1.4. Revison History

Historical File: | | Revison2.1: 02/11/00 | | Revision 25: 12/02/04
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(formerly CORP-
IPOO02NC)

Revison 2.2: 09/25/01

Revison 2.6: 07/29/07

Revison 2.3: 01/18/02

Revison 0: 07/18/08 (NC-IP-
010)

Revison 2.4: 02/19/03

16.2. Associated SOPs and Policies, latest version

16.2.1. Inductively Coupled Plasma-Atomic Emission Spectroscopy, Spectrometric Method for
Trace Element Analysis of Water and Wastes, Methods 6010B and 200.7, NC-MT-

012

16.2.2. Inductively Coupled Plasma-Mass Spectrometry, EPA Methods 6020 and 200.8,

NC-MT-002

16.2.3. TestAmerica North Canton Quality Control Program, QA-003

16.2.4. Glassware Washing, NC-QA-014

16.2.5. Statistical Evaluation of Data and Development of Control Charts, NC-QA-018

16.2.6. Method Detection Limits and Instrument Detection Limits, CA-Q-S-006 and

NC-QA-021

16.2.7. Supplemental Practices for DOD Project Work, NC-QA-016

16.2.8. Standards and Reagents, NC-QA-017

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.)

17.1. Method Deviations

Not applicable
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APPENDIX A
TABLES
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Method 3050A Approved Analyte List

Element Symbaol | CAS Number
Aluminum Al 7429-90-5
Antimony S 7440-36-0
Arsenic As 7440-38-2
Barium Ba 7440-39-3
Beryllium Be 7440-41-7
Cadmium Cd 7440-43-9
Cdcium Ca 7440-70-2
Chromium Cr 7440-47-3
Cobdlt Co 7440-48-4
Copper Cu 7440-50-8
Iron Fe 7439-89-6
Lead Pb 7439-92-1
Magnesium Mg 7439-95-4
Manganese Mn 7439-96-5
Molybdenum Mo 7439-98-7
Nickel Ni 7440-02-0
Potassium K 7440-09-7
Sdenium Se 7782-49-2
Siver Ag 7440-22-4
Sodium Na 7440-23-5
Thdlium Tl 7440-28-0
Vanadium \% 7440-62-2
Zinc Zn 7440-66-6
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TABLE I

ICP Soil Matrix Spikeand LCS Levels

Working
LCSIMS Soil MS/LCS Level *
Element Standard (mg/kg)
(mg/L)
Aluminum 100 200
Antimony 25 50
Arsenic 100 200
Barium 100 200
Beryllium 2.5 5
Cadmium 2.5 5
Cacium 2500 5000
Chromium 10 20
Cobdt 25 50
Copper 125 25
Iron 50 100
Lead 25 50
Magnesium 2500 5000
Manganese 25 50
Molybdenum 50 100
Nickel 25 50
Potassium 2500 5000
Sdenium 100 200
Silver 25 5
Sodium 2500 5000
Thdlium 100 200
Vanadium 25 50
Zinc 25 50
Boron 50 100
Tin 100 200
Titanium 50 100

*  Find soil spike concentration based on the addition of 2.0 mL working
spike (Section 7.3) to 1.0 g of sample/100 mL fina volume (assumes

100% solids).
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TABLE 111

ICPMS Soil Matrix Spikeand LCS Levels

Working
LCSIMS Soil MS/LCS Level *
Element Standard (mg/kg)
(mg/kg)
Aluminum 1000 1000
Antimony 10 10
Arsenic 10 10
Barium 10 10
Beryllium 10 10
Cadmium 10 10
Cacium 1000 1000
Chromium 10 10
Cobdt 10 10
Copper 10 10
Iron 1000 1000
Lead 10 10
Magnesium 1000 1000
Manganese 10 10
Molybdenum 10 10
Nickel 10 10
Potassium 1000 1000
Sdenium 10 10
Silver 10 10
Sodium 1000 1000
Strontium 10 10
Thalium 10 10
Vanadium 10 10
Zinc 10 10
Boron 10 10
Tin 10 10
Titanium 10 10

* Final soil spike concentration based on the addition of 1.0 mL working spike
(Section 7.4) to 1.0 g of sample/100 mL fina volume (assumes 100% solids).
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TABLE IV

Summary of Quality Control Requirements

QC ACCEPTANCE CORRECTIVE
PARAMETER FREQUENCY CRITERIA ACTION
Method Blank One per sample Refer to determinative SOPs. | Redigest and
preparation batch of NC-MT-002 re-analyze samples
up to 20 samples NC-MT-012
Laboratory Control | One per sample Refer to determinative SOPs. | Redigest and
Sample (LCS) preparation batch of NC-MT-002 re-anayze all samples
up to 20 samples NC-MT-012 associated with the
LCS
Matrix Spike One per sample Refer to determinative SOPs. | Reprep not required
preparation batch of NC-MT-002 unless preparation
up to 20 samples NC-MT-012 error suspected
Matrix Spike See Matrix Spike Refer to determinative SOPs. | See Corrective
Duplicate NC-MT-002 Action for Matrix
NC-MT-012 Soike
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES

The following procedures ar e strongly recommended to prevent contamination:
All glassware must be washed with detergent and tap water and rinsed with 1:1 nitric acid followed by
deionized water.

Proper laboratory housekeeping is essentia in the reduction of contamination in the Metals Lab. All
work areas must be kept scrupulously clean.

Powdered gloves must not be used in the Metals Lab since the powder contains zinc, as well as other
metalic anaytes.

Glassware must be periodically checked for cracks and etches and discarded if found. Etched
glassware can cause cross contamination of any metallic analytes.

Thefollowing are helpful hintsin the identification of the sour ce of contaminants:

Reagents or standards can contain contaminants or be contaminated with the improper use of a
pipette.

Improper cleaning of glassware can cause contamination.

Separate glassware if an unusualy high sample is analyzed and soak with sulfuric acid prior to routine
cleaning.
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SCOPE AND APPLICATION

11

This SOP describes procedures for analysis of organic analytes by Gas Chromatography (GC). The
procedures are based on SW-846 methodol ogy and are applicable for measurements made to comply with
the Resource Conservation and Recovery Act (RCRA). Individual analytes and methods are described in
the appendices. Seethelist of appendices noted in the Table of Contents to determine the appropriate
section of the SOP. Reporting limits are listed in each appendix.

SUMMARY OF METHOD

21.

2.2.

In general, semivolatile analytesin agqueous samples are prepared for analysis using continuous or
separatory funnel liquid / liquid extraction or solid phase extraction (SOP NC-OP-032). Solid samplesare
prepared using sonication, Soxhlet or automated Soxhlet (PCB only) (SOP NC-OP-032). Volatile analytes
are prepared for analysis using purge and trap methodology (Appendix A).

After theinitial preparation step, the sampleisintroduced to the GC and concentrations of target analytes
are measured by the detector response within a defined retention time window, relative to the response to
standard concentrations. Internal or external standardization procedures are used as specified in the
method appendices.

DEFINITIONS

31

Refer to the TestAmerica North Canton Quality Assurance Manual (QAM), current version, for definitions
of terms used in this document.

INTERFERENCES

4.1

Contamination by carryover can occur when alow concentration sample is analyzed after ahigh
concentration sample. Co-elution of target analytes with non-targets can occur, resulting in false positives
or biased high results. In particular, thisisaproblem with non-sel ective detectors such as the Flame
lonization Detector (FID). See Appendices A through E for interferences specific to individual testsand
suggested corrective actions. All glasswareis cleaned per SOP NC-QA-014.

SAFETY

5.1.

52

53.

Employees must abide by the policies and proceduresin the Corporate Environmental Health and Safety
Manual and this document.

Eye protection that prevents splash, laboratory coat, and appropriate gloves must be worn while samples,
standards, solvents, and reagents are being handled. Refer to the TestAmerica North Canton Corporate
Environmental Health and Safety Manual for acomplete description of personal protection equipment.
Cut-resistant gloves must be worn doing any other task that presents a strong possibility of getting cut.
Disposable gloves that have become contaminated must be removed and discarded; other gloves must be
cleaned immediately. Latex, Nitrile and vinyl gloves all provide adequate protection against the methanol
used in this method.

Thefollowing isalist of the materials used in this method, which have a serious or significant hazard
rating. NOTE: Thislist does not include all materials used in the method. The table contains a summary of
the primary hazards listed in the MSDS for each of the materialslisted in the table. A completelist of
materials used in the method can be found in the Reagents and Standards section. Employees must review
the information in the MSDS for each material before using it for the first time or when there are major
changesto the MSDS.
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ExposureLimit

Material Hazards @) Signsand symptoms of exposure
Flammable 200 ppm-TWA | A dlight irritant to the mucous membranes. Toxic effects
M ethanol Poison exerted upon nervous system, particularly the optic nerve.
Irritant Symptoms of overexposure may include headache,
drowsiness and dizziness. Methyl alcohol is a defatting agent
and may cause skin to become dry and cracked. Skin
absorption can occur; symptoms may parallel inhalation
exposure. lrritant to the eyes.
Flammable 1000 ppm-TWA | Inhalation of vaporsirritatesthe respiratory tract. May cause
Acetone coughing, dizziness, dullness, and headache.
Flammable 500 ppm-TWA | Inhalation of vaporsirritates the respiratory tract.

Hexane Irritant Overexposure may cause lightheadedness, nausea, headache,
and blurred vision. VVapors may causeirritation to the skin
and eyes.

Carcinogen 25 ppm-TWA Causesirritation to respiratory tract. Has a strong narcotic
Irritant 125 ppm-STEL effect with symptoms of mental confusion, light-headedness,

Methylene fatigue, nausea, vomiting and headache. Causesirritation,

Chloride redness and pain to the skin and eyes. Prolonged contact can
cause burns. Liquid degreases the skin. May be absorbed
through skin.

Corrosive 1 mg/m3-TWA | Inhalation produces damaging effects on the mucous
Oxidizer membranes and upper respiratory tract. Symptoms may
Sulfuric Acid Dehydrator includeirritation of the nose and throat, and labored
Poison breathing. Symptoms of redness, pain, and severe burn can
Carcinogen occur. Contact can cause blurred vision, redness, pain and
severe tissue burns. Can cause blindness.
Flammable 200 ppm-TWA | Causesirritation to the eyes, skin, and respiratory tract. May
Irritant be absorbed through the skin. High concentrations can
n-Propanol result in central nervous system depression. Severe exposure
may cause respiratory depression, Unconsci OUSNess,
convulsions, and death.
Corrosive 5 ppm-Ceiling Inhalation of vapors can cause coughing, choking,
Poison inflammation of the nose, throat, and upper respiratory tract,
Hydrochloric and in severe cases, pulmonary edema, circulatory failure,
Acid and death. Can cause redness, pain, and severe skin burns.

Vapors areirritating and may cause damage to the eyes.
Contact may cause severe burns and permanent eye damage.

1 — Always add acid to water to prevent violent reactions.

2 —Exposure limit refers to the OSHA regulatory exposure limit.

54. It isrecommended that analysts break up work tasksto avoid repetitive motion tasks, such as opening a
large number of vials or containersin one time period.

55. Exposure to chemicals must be maintained as low as reasonably achievable. All sampleswith stickers that
read “ Caution/Use Hood!” must be opened in the hood. Contact the EH& S Coordinator if thisis not
possible. Solvent and waste containers must be kept closed unless transfers are being made.

5.6. Opened containers of neat standards must be handled in afume hood.
5.7. Sample extracts and standards, which are in aflammabl e solvent, must be stored in an explosion-proof
refrigerator.

58. When using hydrogen gas asacarrier, all precautionslisted in the CSM must be observed.
Company Confidential & Proprietary
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59. Standard preparation and dilution must be performed inside an operating fume hood.

510.  Thegas chromatograph contains zones that have elevated temperatures. The analyst needs to be aware of
the locations of those zones, and must cool them to room temperature prior to working on them.

511 There are areas of high voltage in both the gas chromatograph and the mass spectrometer. Depending on
the type of work involved, either turn the power to the instrument off, or disconnect it from its source of
power.

5.12. All work must be stopped in the event of aknown or potential compromise to the health and safety of a
TestAmericaassociate. The situation must be reported immediately to the EH& S Coordinator and the
Laboratory Supervisor.

EQUIPMENT AND SUPPLIES

6.1. An analytical system complete with agas chromatograph isrequired. A data system capable of measuring
peak area and/or height isrequired. Recommended equipment and supplies for individual methods are
listed in each method appendix.

REAGENTSAND STANDARDS
7.1. Stock Standards

711 Stock standards are purchased as certified solutions or prepared from pure solutions. Stock
standards for Method 8021B are stored at -10 to -20°C. Other stock standard solutions are stored
as recommended by the manufacturer. All stock standards must be protected from light. Stock
standard solutions must be brought to room temperature before using.

7.12.  Semivolatile stock standard solutions must be replaced after one year. Stock standards of gases
must be replaced at least every week, unless the acceptability of the standard is demonstrated
(Lessthan 20% drift from theinitial calibration is an acceptable demonstration). Other volatile
stock standards must be replaced every six months or sooner if comparison with check standards
prepared from an independent source indicates a problem.

7.13. Expirationtimesfor al standards are measured from the time the standard is prepared or from the
time that the standard ampoul e is opened, if the standard is supplied in asealed ampoule. |If
vendor-supplied standard has an earlier expiration date then that dateis used. Refer to SOP NC-
QA-017, Standards and Reagents, for additional information. The standard preparation
information is detailed in the Standard L ogbook.

7.2. Calibration Standards
721.  Volatile Cdlibration Standards
7.21.1. Theprocedure for preparation of volatile standardsis given in Appendix A.
7.22.  Semivolatile Calibration Standards

7.22.1. Semivolatile calibration standards are prepared as dilutions of the stock standards.
Surrogates and internal standards are used as specified in the method appendices.
Semivolatile calibration solutions must be refrigerated at <6°C and protected from light.
The standards must be replaced at |east every six months or sooner if comparison with
check standards indicates a problem.

7.3. Gasesfor carrier and make-up: Hydrogen, Helium, Nitrogen, Zero Air.
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74. Quality control (QC) Standards

74.1.  QC standards (matrix spiking and L CS standards) are prepared and stored in the same way as
calibration standards. They must be made from a stock independent from the calibration
standards.

SAMPLE PRESERVATION AND STORAGE

8.1 The holding time for semivolatile extracts is 40 days from extraction to analysis. Samples must be
refrigerated at <6°C. Volatile sample storage conditions and holding times are given in Appendix A.

QUALITY CONTROL
9.1. Initial Demonstration of Capability

9.1.1.  Forthestandard analyte list, theinitial demonstration and method detection limit (MDL) studies
described in Section 13 must be acceptabl e before analysis of samples may begin.

9.12.  For non-standard analytes, an MDL study must be performed and calibration curve generated
before analyzing any samples, unless lesser requirements are previously agreed to with the client.
In any event, the minimum initial demonstration required is analysis of an extracted standard at
the reporting limit and a single point calibration.

9.2. Batch Definition

921  Batchesare defined at the sample preparation stage. Batches must be kept together through the
whole analytical process asfar as possible, but it is not mandatory to analyze prepared extracts on
the same instrument or in the same sequence. Refer to the TestAmerica North Canton QC
Program document (Policy QA-003) for further details of the batch definition. Ohio VAP projects
must reference this SOP instead of policy QA-003 for information on QC.

922. Quality Control Batch

9221. Thebatchisaset of up to 20 samples of the same matrix processed using the same
procedures and reagents within the same time period. The Quality Control batch must
contain amatrix spike/ spike duplicate (MS/M SD), a Laboratory Control Sample (LCS),
and amethod blank. Laboratory generated QC samples (Blank, LCS, MS/MSD) do not
count towards the maximum 20 samplesin abatch. Field QC samplesare included in the
batch count. In some cases, at client request, the MS/MSD may be replaced with a matrix
spike and sample duplicate. If insufficient sampleisavailablefor an MS/MSD aLCSD
may be substituted.

9.3. Control Limits

931  In-househistorical control limits may be determined for surrogates, matrix spikes, and laboratory
control samples (LCS). These limits must be determined periodically. The recovery limitsare
mean recovery + 3 standard deviations, unless that limit istighter than the calibration criteria, in
which case limits may be widened. Project or program specific control limits may be used in place
of in-house limits. Refer to Policy QA-003 for more details.

9.32. Theselimitsdo not apply to dilutions (except for tests without a separate extraction), but
surrogate and matrix spike recoveries must be reported unless the dilution is more than 5X.
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All surrogate, LCS, and M S recoveries (except for dilutions) must be entered into QuantiMS
(when available) or other database so that accurate historical control limits can be generated. For
tests without a separate extraction, surrogates and matrix spikes must be reported for all dilutions.

Refer to the QC Program document (Policy QA-003) for further details of control limits.

Surrogates

94.1.

94.2.

94.3.

94.4.

All methods must use surrogates to the extent possible. Surrogate recoveriesin samples and QC
samples must be assessed to ensure that recoveries are within established limits. Surrogate
recoveries must be met in the method blank (MB) and Laboratory Check Samples (LCS or
LCS/LCSD). If any surrogates are outside limits, the following corrective actions must take place
(except for dilutions):

Check all calculationsfor error.
Ensure instrument performance is acceptable.

Recal culate the data and/or re-analyze the extract if either of the above checksrevealsa
problem.

The decision to re-analyze or flag the data must be made in consultation with the client. Itis
only necessary to reprepare / re-analyze a sample once to demonstrate poor surrogate
recovery is dueto matrix effect, unless the analyst believes that the repeated out-of-control
results are not due to matrix effect.

Note: For DoD QSM, all surrogates must meet criteria. For Ohio VAP Projects, al surrogates
must meet criteria unless the samples are ND and the surrogates are out high. Reanalysis or
repreparation of the samplesisrequired if these criteriaare not met.

If dual column analysisisused, the choice of which result to report is made in the same way asfor
samples (Section 12.1.2) unless one column is out of control, in which case the in-control result is
reported.

If the surrogates are out of control for the sample, matrix spike, and matrix spike duplicate, then
matrix effect has been demonstrated for that sample and repreparation is not necessary. If the
sampleis out of control and the MS and/or MSD isin control, then repreparation or flagging of
the dataisrequired. Repreparation includes the parent sample and MS/MSD.

Refer to TestAmerica North Canton QC Program document (Policy QA-003) for further details of
the corrective actions.

Method Blanks

951

For each batch of samples, analyze a method blank. The method blank consists of reagent water
for aqueous semivolatile samples and sodium sulfate for semivolatile soilstests (Refer to SOP NC-
OP-032 for details). For low-level volatile soils, the method blank consists of reagent water and
Ottawasand. For medium-level volatile solids, the method blank consists of methanol and Ottawa
sand. Surrogates are added and the method blank is carried through the entire analytical
procedure. The method blank must have acceptable surrogate recoveries. If surrogate recoveries
are not acceptabl e, the data must be evaluated to determine if the method blank has served the
purpose of demonstrating that the analysisisfree of contamination. If surrogate recoveries are
low and there are reportable analytes in the associated samples, re-extraction of the blank and
affected samples will normally be required. Consultation with the client must take place. For Ohio
VAP samples, all analytes must meet criteriaor the samples must be re-extracted if sufficient
volume of sample remains.
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The method blank must not contain any analyte of interest at, or above, the reporting limit (except
common laboratory contaminants, see below) or at, or above, 5% of the measured concentration
of that analyte in the associated samples, whichever is higher.

If the analyte is acommon laboratory contaminant (methylene chloride, acetone, 2-butanone,
phthal ate esters), the data may be reported with qualifiersif the concentration of the analyteis
less than five times the reporting limit. Such action must be taken in consultation with the client.

Re-extraction and re-analysis of samples associated with an unacceptable method blank is
required when reportabl e concentrations are determined in the samples.

If there is no target analyte greater than the RL in the samples associated with an unacceptable
method blank, the data may be reported with qualifiers. Such action must be taken in consultation
with the client.

Note: For Ohio VAP projects, the result must be bel ow the reporting limit or samples must be re-
extracted unless the sampl es are non-detect.

Refer to TestAmerica North Canton QC Program document (Policy QA-003) for further details of
the corrective actions.

Refer to SOP NC-QA-016 for further details concerning DoD Project Work.

Laboratory Control Samples (LCS)

9.6.1.

9.6.2.

9.6.3.

9.6.4.

9.6.5.

9.6.6.

9.6.7.

For each batch of samples, analyze aLCS. The LCS contains arepresentative subset of the
analytes of interest, and must contain the same analytes as the matrix spike. The LCSmay also
contain the full set of analytes with a subset of control analytes. If any control analyte isoutside
the laboratory established historical control limits, corrective action must occur. All non-
controlling compounds must attain arecovery of 5% or greater if the compound ison the client’s
list. For Ohio VAP samples, al analytes must meet criteria or the samples must be re-extracted if
sufficient volume of sampleremains.

If the batch is not re-extracted and re-analyzed, the reasons for accepting the batch must be
clearly presented in the project record and the report. (an example of acceptable reasonsfor not
reanalyzing might be that the matrix spike and matrix spike duplicate are acceptable and the sample
surrogate recoveries are good, demonstrating that the problem was confined to the LCS.)

If re-extraction and re-analysis of the batch is not possible due to limited sample volume or other
constraints, the LCSis reported, all associated samples are flagged, and appropriate comments are
made in anarrative to provide further documentation.

The LCS must have acceptable surrogate recoveries. If surrogate recoveries are low, re-extraction
of the LCS and affected samples will normally be required. Consultation with the client should
take place. For Ohio VAP samples, all analytes must meet criteria or the samples must be re-
extracted if sufficient volume of sampleremains.

Refer to TestAmerica North Canton QC Program document (Policy QA-003) for further details of
the corrective action.

If dual column analysisis used, the choice of which result to report is made in the same way as for
samples (Section 12.1.2), unless one column is out of control, in which case thein control result is
reported.

L CS compound lists are included in the appendices.
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Matrix Spikes

9.7.1.  For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking compounds and
levelsare given in the appendices. Compare the percent recovery and relative percent difference
(RPD) to those in the laboratory-specific historically generated limits.

If any individual recovery or RPD falls outside the acceptable range, corrective action must
occur. Theinitial corrective action must be to check the recovery of that analytein the
Laboratory Control Sample (LCS). Generaly, if therecovery of theanalyteinthe LCSis
within limits, then the laboratory operationisin control and analysis may proceed.

If the recovery for any component is outside QC limitsfor both the Matrix spike/ spike
duplicate and the LCS, the laboratory is out of control and corrective action must be taken.
Corrective action must normally include repreparation and re-analysis of the batch.

If an MS/M SD is not possible due to limited sample, then an LCS duplicate must
be analyzed. The recovery for each spike of the pair must be within established
control limits. If the RPD is out of control, but both accuracy recoveries are within
acceptance criteria, prepare an NCM and qualify report.

The matrix spike/ duplicate must be analyzed at the same dilution as the unspiked sample,
unless the matrix spike components would then be above the calibration range.

9.7.2.  If dual column analysisis used, the choice of which result to report is made in the same way as for
samples (Section 12.1.2), unless one column is out of control, in which casethein control resultis
reported.

Control Limits
98.1.  Control limits are established by the laboratory as described in SOP, NC-QA-0018.

9.8.2.  Laboratory control limitsare internally generated and updated periodically unless method
specified. Control limits are easily accessible viathe LIMs (QC Browser program).

CALIBRATION AND STANDARDIZATION

10.1.

10.2.

10.3.

104.

Internal or external calibration may be used. Internal calibration is recommended unless the sample matrix is
likely to interfere with the quantitation of the internal standard. In either event, prepare standards
containing each analyte of interest at a minimum of five concentration levels. Thelow-level standard must
be at, or below, the reporting limit. The other standards define the working range of the detector.
Recommended calibration levels are given in the appendices.

A new calibration curve must be generated after major changes to the system or when the continuing
calibration criteria cannot be met. Mgjor changes include new columns, changing PID lamps or replacing
the ECD detector. A new calibration is not required after clipping the column, replacing the septum or
syringe, or other minor maintenance.

With the exception of Section 10.4 below, it isNOT acceptable to remove points from acalibration curve for
the purpose of meeting criteria, unless the points are the highest or lowest on the curve, AND the reporting
limit and/or linear range is adjusted accordingly. Inany event, at least five points must be included in the
calibration curve. Quadratic (second order) calibrations require at least six points. Third order calibrations
require at least seven points.

A level may be removed from the calibration if the reason can be clearly documented (for example, abroken
vial or no purgerun). A minimum of five levels must remain in the calibration. The documentation must be
retained with theinitial calibration. Alternatively, if the analyst believesthat a point on the curveis
inaccurate, the point may be re-analyzed and the re-analysis used for the calibration. All initial calibration
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pointsin asingle calibration curve must be analyzed without any changes to instrument conditions, and all
pointsin asingle calibration curve must be analyzed within 24 hours.

10.5. External Standard Calibration

105.1.

Quantitation by the external standard method assumes a proportional relationship between the
calibration run and the analyte in the sample. To use this approach, introduce each calibration
standard into the GC using the technique that will be used for samples. The ratio of the peak
height or area response to the mass or concentration injected may be used to prepare a calibration
curve.

Area or Height of Peak

Calibration Factor or Response  (CF) or (RF)) =

Factor Mass Injected (ng)

Some data systems may use the inverse of thisformula. Thisisacceptable so long as the same
formulais used for standards and samples. It isalso possible to use the concentration of the
standard rather than the massinjected. (Thiswould require changesin the equations used to
calculate the sample concentrations). Use of peak areaor height must be consistent. However, if
matrix interferences would make quantitation using peak areainaccurate for a particular sample,
then peak height may be used as a substitute.

10.6. Internal Standard Calibration

106.1.

10.6.2.

Theinternal standard approach assumes that variations in instrument sensitivity, amount injected
etc. can be corrected by determining the ratio of the response of the analyte to the response of an
internal standard that has been added to the extract. To use this approach, select one or more
internal standard(s) that are similar in analytical behavior to the compounds of interest.
Recommended internal standards are given in the appendices. The analyst must demonstrate that
the measurement of the internal standard is not affected by method or matrix interferences. If
matrix interference is observed, reanalysis of the sasmpleisrequired. If matrix interferenceis
confirmed, report the second analysis and note in the Case Narrative. . For Ohio VAP projects,
the laboratory must re-analyze any sample where the internal standard fails, and thereisno
evidence of matrix interference. If thereisno matrix interference, the sample must be reanalyzed at
the original dilution. If theinternal standard iswithin criteria, report the second analysis. If the
internal standard is still outside of criteria, the sample must be analyzed at a second dilution. If
the internal standard still does not meet criteria, the sample must be diluted until the internal
standard meets criteria. Multiple runs may be required.

Introduce each calibration standard into the GC using the technique that will be used for samples.
Response factors (RF) for each compound are calculated as follows.

Where:
As = Response for the analyte to be measured
As= Response for the internal standard
Cis = Concentration of internal standard
C; = Concentration of the analyte to be determined in the standard

10.7. Cdlibration Curve Fits

Company Confidential & Proprietary



10.7.1.

10.7.2.

10.7.3.

10.7.4.

SOP No. NC-GC-038, Rev. 1
Effective Date: 01/15/09
Page 12 of 64

Average response factor, linear regression, or quadratic curves may be used to fit the data.
Average response factor may be used if the average % RSD of the response factors or calibration
factors of all the analytesin the calibration standard taken together is< 20%. The average % RSD
is calculated by summing the RSD value for each analyte and dividing by the total number of
analytes. NOTE: Thisisnot alowed for Ohio VAP projects.

In general, for environmental analysis, average response factors are the most appropriate
calibration model. Linear or curved regression fits must only be used if the analyst has reason to
believe that the average RF model does not fit the normal concentration/response behavior of the
detector. Linear or quadratic curve fits may be used if the compounds have historically exhibited a
non-linear response.

Average Response Factor

The average response factor may be used if the average percent relative standard deviation (%
RSD) of all the response factors taken together is< 20%.

The equation for average response factor is:

Average response factor = RF = 4zt

Where: n = Number of calibration levels

n

é_ RFi = Sum of response factors for each calibration level

i=1

Linear Regression

Thelinear fit uses the following functions:

10.7.4.1. Externad Standard

y=ax+b

or

(= -b
a

Where: y = Instrument response
x = Concentration
a=Slope
b = Intercept

10.7.4.2. Internal Standard
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éACs U
A
Cs=
a

Where: Cs= Concentration in the sample
As = Area of target peak in the sample

Ais = Area of internal standard in the sample
Cis = Concentration of the internal standard

10.75. Quadratic Curve

The quadratic curve uses the following functions:

10.75.1. External standard
y=ax+cx’ +b
Where cisthe curvature

10.7.5.2. Interna Standard

%A\S' Cis('j %A\SI Cis('j2
= =+ = +b
Y ag As 9 As 9

10.8. Evaluation of Calibration Curves
108.1. The percent relative standard error (% RSE) from the calibration curve is used to evaluate the
initial calibration. This provides a measure of how much error is associated with using the
calibration curve for quantitation.

108.2. Theleast squaresregression lineis calculated and used to cal culate the predicted concentration
for each level. The percent relative standard error is calculated as follows.

% RE =100%"

Where:
N = Number of pointsin the curve
P = Number of parametersin the curve (= 1 for average response factor, 2 for linear, 3 for
quadratic)
C, =Trueconcentration for level i
PC, = Predicted concentration for level i
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Note: When average response factors are used, % RSE is equivalent to % RSD.
The following requirements must be met for any calibration to be used.

Response must increase with increasing concentration.

If acurveisused, the calculated intercept of the curve at zero response must be less than + the
reporting limit for the analyte.

The average Relative Standard Error (RSD for average response factors) of the calibration points from
the curve used must be < 20%.

Some data systems will not measure the %RSE from alinear or quadratic fit. For the linear case, the
correlation coefficient may be used as an alternative to the %RSE, and must be greater than or equal to
0.990. For the quadratic case the Coefficient of Determination may be used, and must be greater or
equa to 0.990.

Note: The Relative Standard Error (RSE) is superior to the Correlation Coefficient (r) and Coefficient of
Determination (r®) for testing the fit of a set of calibration pointsto aline. The lower points on acurve
have little effect onr. Asaresult, acurve may have avery good correlation coefficient (>0.995) while
also having > 100% error at the low point.

Weighting of Data Points

10.10.1. Inlinear and quadratic calibration fits, the points at the lower end of the calibration curve have
less absol ute variance than points at the high concentration end of the curve. This can cause
severe errorsin quantitation at the low end of the calibration. However, in environmental
analysis, accuracy at the low end of the curveisvery important. For thisreason, it ispreferableto
increase the weighting of the lower concentration points. 1/Concentration? weighting (often called
1/X? weighting) will improve accuracy at the low end of the curve and must be used if the data
system has this capability.

Non-standard analytes are sometimes requested. For these analytes, it may be acceptable to analyzea
single standard at the reporting limit with each continuing calibration rather than afive-point initial
calibration. Thisaction must be with client approval. If the analyteis detected in any of the samples, afive-
pointinitial calibration must be generated, and the sample(s) re-analyzed for quantitation.

Cdlibration Verification
10.12.1. 12-hour Calibration

10.12.1.1. Theworking calibration curve or RF must be verified by the analysis of amid point
calibration standard at the beginning, after every 12 hours, and at the end of the
analysis sequence.

10.12.2. Cdlibration Verification

10.12.2.1. It may be appropriate to analyze a mid-point standard more frequently than every 12
hours. If these calibration verification standards are analyzed, requirements are the
same as the 12-hour calibration with the exception that retention times are not updated.

10.12.2.2. Any individual compounds with % D < 15% meet the calibration criteria. The
calibration verification is also acceptable if the average of the % D for al the analytes
is< 15%. Thisaverageis calculated by summing the entire absolute % D resultsin the
calibration (including surrogates) and dividing by the number of analytes. Only ND or
results below the RL arereported. Any analytethat isreportable asfound must have a
% difference of < 15% in the calibration verification or 12-hour calibration on the
column used for quantitation. Refer to Section 12.1.2 for which result to report.

Company Confidential & Proprietary



SOP No. NC-GC-038, Rev. 1
Effective Date: 01/15/09
Page 15 of 64

10.12.3. AnICV isanayzed immediately after aninitial calibration. The acceptance criteriais + 15% for
TCL analytes and + 30% for all other analytes. If thisisnot met, anew initial calibration curveis
analyzed.

10.12.4. It isnot necessary to run acalibration verification standard at the beginning of the sequence if
samples are analyzed immediately after the completion of the initial calibration.

10.12.5. Samples quantitated by external standard methods must be bracketed by calibration verification
standards that meet the criterialisted above. The bracketing standards on the column used for
calibration must meet the same criteria as the opening standards. Bracketing is not necessary for
internal standard methods.

10.12.6. If theanalyst notesthat a CCV hasfailed and can document the reason for failure (e.g., no purge,
broken vial, carryover from the previous sample etc.), then asecond CCV may be analyzed without
any adjustmentsto the instrument. If this CCV meets criteria, then the preceding samples have
been successfully bracketed. If adjustmentsto theinstrument are performed before the repeat
CCV, then the proceeding sampl es have not been successfully bracketed; but analysis may
continue.

10.12.7. Ingeneral, it isnot advisable to analyze repeat CCV's on unattended runs. If repeat CCVsare
analyzed, then the first must serve as the bracketing standard for the preceding samples and the
last must serve asthe CCV for the following samples.

10.12.8. If highly contaminated samples are expected, it is acceptable to analyze blanks or primers at any
point in the run.

10.12.9. Percent Difference Calculation

10.12.9.1. Percent difference for internal and external methodsis calculated as follows:

Internal Standard External standard
%D = RE_RF- 159 oo = E=CF 100
RF CF

Where:RF and CF. are the response and calibration factors
from the continuing calibration

RF and CF are the average response & calibration factors
from the initial calibration

10.12.10. Percent Drift Calculation

10.12.10.1. Percent drift isused for comparing the continuing calibration to alinear or quadratic
curve. Thecriteriafor percent drift are the same as for percent difference

% Drift = Calculated Conc. '- Theoretical Conc. . 100%
Theoretical Conc.

10.12.10.2. Corrective Actionsfor Continuing Calibration
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10.12.10.3. If the overall average percent drift of all analytesis greater than + 15%, corrective
action must be taken. This may include clipping the column, changing the liner, or
other minor instrument adjustments, followed by re-analyzing the standard. If the
overall average percent drift still varies by more than + 15%, anew calibration curve
must be prepared.

10.12.104. Corrective Action for Samples

10.12.104.1. For internal standard methods, any samplesinjected after a standard
not meeting the calibration criteria must be re-injected.

10.12.10.4.2. For external standard methods, any samplesinjected after the last good
continuing calibration standard must be re-injected.

10.12.10.4.3. If the average percent drift for all the analytesin the calibration is over
15%; but all of the analytes requested for a particular sample have
percent drift < 15%, then the analysisis acceptable for that sample.

11. PROCEDURE

111

112

113.

114.

115.

116.

Extraction

11.1.1. Extraction procedures are referenced in the SOP NC-OP-032, current revision.

Cleanup

1121, Cleanup procedures are referenced in the SOP NC-OP-025, current revision.

Gas Chromatography

11.3.1. Chromatographic conditions for individual methods are presented in the appendices.

Sample Introduction

114.1. Ingeneral, volatiles analytes are introduced using Purge and Trap as described in Appendix A.

114.2. Semivolatile analytes areintroduced by direct injection of the extract. Samples, standards, and QC
must be introduced using the same procedure.

Analytical Sequence

1151, Ananalytica sequence startswith aninitial calibration or a calibration verification. Refer to the
individual method appendices (Appendices A, B, C, D, and E) for method-specific details of
calibration verifications and analytical sequences.

1152. Thecalibration verification includes analysis of standards containing all single response analytes
and updating the retention time windows.

1153. If thereisabreak in the analytical sequence of greater than 12 hours, a new analytical sequence
must be started with a calibration verification.

Retention Time Windows

116.1. Retention time windows must be determined for all analytes. Make aninjection of all analytes of
interest each day over athree-day period. Calculate the standard deviation of the three retention
timesfor each analyte (relative retention times may also be used). For multi-response analytes
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(e.g., Aroclors), use the retention time of major peaks. Plus or minus three times the standard
deviation of the retention times of each analyte defines the retention time window.

The center of the retention time window is the retention time from the last of the three standards.
The centers of the windows are updated with the mid-point of theinitial calibration and each 12-
hour calibration. The widths of the windows must remain the same until new windows are
generated following the installation of a new column.

If the retention time window as cal culated above is less than = 0.05 minutes, use a retention time
window appropriate for the analysisand run time. Thisallowsfor slight variationsin retention
times caused by sample matrix.

The laboratory must calculate new retention time windows each time anew columnisinstalled.
The new windows must be generated within one week of the installation of the new column. Until
these standards have been run on the new column, the retention time windows from the old
column may be used, updated with the retention times from the new initial calibration.

Retention time studies are filed in the |aboratory.
Corrective Action for Retention Times

11.6.6.1. Theretention timesof all compoundsin the 12-hour calibration or calibration verification
standard must be within the retention time window. If thisconditionis not met, all
samples analyzed after the last compliant standard must be re-analyzed, unless the
following conditions are met for any compound that elutes outside the retention time
window.

11.6.6.2. Theretention time of that compound in the standard must be within aretention time
range equal to twice the original window.

11.6.6.3. No peak that would be reportable must be present on the sample chromatogram within an
elution time range equal to three timesthe original retention time window.

117 Daily Retention Time Windows

11.7.1.

The center of the retention time windows determined in Section 11.6 is adjusted to the retention
time of each analyte as determined in the 12-hour calibration standards or continuing calibration
verification standards. (See Methods 8081A and 8082 Appendices B and C for exceptions for
multi-response components.) The retention time windows must be updated at the beginning of
each analytical sequence and with each 12-hour calibration or continuing calibration verification.

11.8. Procedural Variations

1181

Procedural variations are allowed only if deemed necessary in the professional judgment of the
supervisor to accommodate variation in sample matrix, chemistry, sample size, or other parameters.
Any variation in procedure must be completely documented using a Nonconformance Memo and
approved by a supervisor and QA/QC Manager. The Nonconformance Memo must befiled in the
project file. The nonconformanceis also addressed in the case narrative. Any unauthorized
deviations from this procedure must also be documented as a nonconformance with a cause and
corrective action described. Procedural deviations are not allowed for Ohio VAP Projects.

12. DATA ANALYSSAND CALCULATIONS

12.1. Qualitative ldentification
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Tentative identification occurs when a peak is found within the retention time window for an
analyte, at a concentration above the reporting limit, or above the MDL if Jflags are required.
Normally confirmation is required on a second column; but if the detector is sufficiently specific or
if the sample matrix iswell enough defined, single column analysis may be adequate. In some
cases, GC/MS confirmation may be required. Client-specific requirements may also define the need
for second column confirmation and/or GC/MS confirmation. Refer to the appendices for test
specific requirements for confirmation. Identification is confirmed if a peak isalso present in the
retention time window for that analyte on the confirmatory column at a concentration greater than
the reporting limit (MDL if Jflag confirmation required). Identified compounds are reviewed for
proper integration. Manual integrations are performed if necessary and are documented by the
analyst or automatically by the data system. Many programs require chromatograms before and
after manual integration. Additional information on manual integration can be found in SOP CA-Q-
S-002.

Dual column quantitation

For confirmed results, two approaches are avail able to the analyst:
A) the primary column approach, or
B) the better result approach
Both are acceptable to avoid the reporting of erroneous or unconfirmed data.

12.1.2.1. Primary column approach

12.1.2.2. Theresult from the primary columnisnormally reported. The result from the secondary
column isreported if any of the following three bulleted possibilities are true.

There is obvious chromatographic interference on the primary column

Theresult on the primary column is > 40% greater than the result on the secondary
column

Continuing or bracketing standard fails on the primary column but is acceptable on
the secondary column. (If the primary column result is > 40% higher than the
secondary and the primary column calibration fails, then the sample must be
evaluated for re-analysis.)

12.1.2.3. Better result approach

The higher of the two resultsis normally reported. The higher result is considered better
because the higher result is generally higher because of chromatographic interference.
For Ohio VAP projects, both columns must meet calibration criteria. The lower result is
reported if any of the following two bulleted possibilities are true.

There is obvious chromatographic interference on the column with the higher result
The continuing or bracketing calibration on the column with the higher result fails.
(If the higher result is > 40% higher and the calibration on the column with the lower
result fails, then the sample must be evaluated for re-analysis.)

If the Relative Percent Difference (RPD) between the response on the two columnsis greater than
40%, or if the opinion of an experienced analyst isthat the complexity of the matrix isresulting in
false positives, the confirmation is suspect and the results are qualified. RPD is calculated using
the following formula:

|R' R2|

RPD = —
S(R*R)
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Where R=Result

Multi-response Analytes

12.1.4.1. For multi-response analytes, the analyst must use the retention time window, but must
rely primarily on pattern recognition. The pattern of peakswill normally serve as
confirmation.

The experience of the analyst must weigh heavily in the interpretation of the chromatogram. For
example, sample matrix or laboratory temperature fluctuation may result in variation of retention
times.

Calibration Range

1221

If concentrations of any analytes exceed the working range as defined by the calibration
standards, then the sample must be diluted and re-analyzed. Dilutions must target the most
concentrated analyte in the upper half (over 50% of the high level standard) of the calibration
range. It may be necessary to dilute samples due to matrix.

Dilutions

12.31.

12.32.

Samples may be screened to determine the appropriate dilution for theinitial run. If theinitial
diluted run has no hits or hits below 20% of the calibration range and the matrix allows for
analysis at alesser dilution, then the sample must be re-analyzed at a dilution targeted to bring the
largest hit above 50% of the calibration range.

12.3.1.1. Guidance for Dilutions Due to Matrix

If the sampleisinitially run at adilution and only minor matrix peaks are detected, then
the sample must be re-analyzed at a more concentrated dilution. Analyst judgement is
required to determine the most concentrated dilution that will not result in instrument
contamination.

Reporting Dilutions

12.3.2.1. The most concentrated dilution with no target compounds above the calibration range
must be reported. Other dilutions may be reported at client request if the lower dilutions
will not cause detector saturation, column overload, or carryover. Analyst judgement
and client site history will be factorsin the reporting of dual dilutions.

Interferences

1241

If peak detection is prevented by interferences, further cleanup must be attempted. If no further
cleanup is reasonabl e, then elevation of reporting levels and/or lack of positive identification must
be addressed in the case narrative.

Internal Standard Criteria

125.1. If internal standard calibration is used, then the internal standard response in a continuing
calibration standard must be within 50 to 150% of the response in the mid level of theinitial
calibration.

1252. Theinternal standard response in samples must be within 50-150% of the response of previous
continuing calibration standard.

Calculations
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126.1. Capabilities of individual data systems may require the use of different formulas than those
presented here. When thisisthe case, the cal culations used must be shown to be equivalent and
must be documented in an appendix attached to this document.

12.6.2. External Standard Calculations

12.6.2.1. Aqueous samples

Concentration (mg/ L) = M
(CF"Vi"Vy
Where:
A, = Response for the analyte in the sample
V; = Volume of extract injected, UL
D; = Dilution factor
V, =Volume of total extract, UL
V= Volume of sample extracted or purged, mL
CF = Calibration factor, area or height/ng

12.6.2.2. Non-aqueous Samples

(A" Vi~ D)
(CF Vi "W)

Concentraibn (mg/ kg) =

Where:
W =Weight of sample extracted or purged, g

12.6.2.3. Internal Standard Calculations

12.6.24. Aqueous Samples

Concentration (mg/L) = (A Gs” D)

(Ais” RF ™ Vs)

Where:
Cis= Amount of internal standard added, ng
Ais = Response of the internal standard
RF = Response factor for analyte

12.6.2.5. Non-aqueous Samples

(A< Cis” Dr)

Concentration /1 kg) =
(mg/kg) (As” RF"W’™ D)

12.6.3. Surrogate Recovery
12.6.3.1. Concentrations of surrogate compounds are cal culated using the same equations as for

the target compounds. The response factor from theinitial calibration isused. Surrogate
recovery is calculated using the following equation.
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Concentration (or amount) found .
Concentration (or amount) spiked

% Recovery = 100

126.4. Additional equations and calculations are listed in the following SOPs. Calibration Curves
(General), CA-Q-S-005, and Selection of Calibration Points, CA-T-P-002

13. METHOD PERFORMANCE
13.1. Method Detection Limit

13.1.1. Eachlaboratory must generate avalid method detection limit for each analyte of interest. The
MDL must be below the reporting limit for each analyte. The procedure for determination of the
method detection limit isgivenin 40 CFR Part 136, Appendix B, and further defined in SOPs NC-
QA-021 and CA-Q-S-006.

13.2. Initial Demonstration

1321. Each laboratory must make a one-timeinitial demonstration of capability for each individual
method. Demonstration of capability for both soils and water matricesisrequired. Thisrequires
analysis of QC check samples containing all of the standard analytes for the method. For some
tests, it may be necessary to use more than one QC check mix to cover all analytes of interest.

13.2.1.1. Four aliquots of the QC check sample are analyzed using the same procedures used to
analyze samples, including sample preparation. The concentration of the QC check
sample must be equivalent to amid-level calibration.

13.2.1.2. Calculate the average recovery and standard deviation of the recovery for each analyte
of interest. Compare these results with the acceptance criteriagiven in each appendix.

13.2.1.3. If any analyte does not meet the acceptance criteria, the test must be repeated. Only
those analytes that did not meet criteriain the first test need to be evaluated. Repeated
failure for any analyte indicates the need for the laboratory to eval uate the analytical
procedure and take corrective action.

133. Training Qualification

133.1. The Group/Team Leader has the responsibility to ensure an analyst who has been properly
trained in its use and has the required experience performs this procedure.

14. POLLUTION PREVENTION

14.1. Itis TestAmerica s policy to evaluate each method and ook for opportunities to minimize waste generated
(i.e., examine recycling options, ordering chemicals based on quantity needed, preparation of reagents
based on anticipated usage, and reagent stability). Employees must abide by the policiesin Section 13 of
the Corporate Environmental Health and Safety Manual (CW-E-M-001) for “Waste Management and
Pollution Prevention”.

15. WASTE MANAGEMENT

151.  All waste must be disposed of in accordance with Federal, State and Local regulations. Where reasonably
feasible, technological changes have been implemented to minimize the potential for pollution of the
environment. Employees must abide by this method and the policiesin Section 13 of the Corporate
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Environmental Health and Safety Manual (CW-E-M-001) for “Waste Management and Pollution
Prevention.”

Waste Streams Produced by the Method.
152.1. Thefollowing waste streams are produced when this method is carried out.

15.2.1.1. Vialscontaining sample extracts. Theseviasare placed inthe vial waste located in the
GC/MS laboratory.

15.2.1.2. Tubescontaining sample extractsfor TPH, Pesticides, PCBsand
Herbicides. These capped tubes are placed in the PCB/flammable waste located the GC
prep laboratory.

15.2.1.3. Samples, standards, and all extraction materials contaminated with
high levels (>50ppm) of PCB’s must be segregated into their own waste stream. PCB
wastes are collected in one of three waste streams, solid PCB, liquid PCB and PCB vial
waste. PCB containing samples are located through aLIMS query and disposed of as
PCB containing.

15.2.14. Extracted solid samples contaminated with methylene chloride/acetone
or acetone/hexane. These materials are disposed of in the solid waste and debrisin ared
container located in the Extractions Lab.

15.2.1.5. Discarded samples. These samples are collected in the solid debris drum.

16. REFERENCES

16.1.

16.2.

16.3.

16.4.

16.5.

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final Update
[11, December 1996, and Section 8000B
TestAmerica North Canton Quality Assurance Manual (QAM), current version
TestAmerica Corporate Environmental Health and Safety Manual, CW-E-M-001, and TestAmericaNorth
Canton Facility Addendum and Contingency Plan, current version
Revision History

Historical File: Revison 2.1: 08/12/96 Revison 5.7: 10/01/03

(formerly CORP-GC-0001NC) Revison 3.0: 12/01/97 Revison 5.8: 02/06/06

Revison 5.3: 11/18/99 Revison 0: 01/21/08 (NC-GC-038)

Revison 5.4: 11/10/00

Revison 5.5: 03/16/01

Revison 5.6; 05/25/01

Associated SOPs and Policies, current version
1651 QA Policy QA-003

1652 Glassware Washing, NC-QA-014
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Statistical Evaluation of Data and Devel opment of Control Charts, NC-QA-018
Method Detection Limits and Instrument Detection Limits, CA-Q-S-006 and NC-QA-021
Standards and Reagents, NC-QA-017

Supplemental Practicesfor DoD Project Work, NC-QA-016
Acceptable Manual Integration Practices, CA-Q-S-002

Cadlibration Curves (Genera), CA-Q-S-005

Section of Calibration Points, CA-T-P-002

17. MISCELLANEOUS

17.1.

17.2.

Modifications from Reference M ethod

17.1.1.

Chapter 1 of SW-846 states the method blank must not contain any analyte of interest at, or
above, the Method Detection Limit. This SOP states the Method Blank must not contain any
analyte of interest at, or above, the reporting limit. Common lab contaminants are allowed to be up
to five timesthe reporting limit in the blank following consultation with the client.

Flow Diagrams

1721

Initial demonstration and MDL
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1722 Sample Analysis*

Start Sample Analysis

L‘
Establish 5 point
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Major or minor

maintenance as
necessary
h
No—p|
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retention time
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maintenance
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Analyze samples
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Run continuing
calibration

Continuing
calibration
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! Thisflow diagram is for guidance and cannot cover all eventualities. Consult the SOP text and a supervisor if in doubt.
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1. SCOPE AND APPLICATION

11

12

13

14.

15

This SOP Appendix describes sample preparation and extraction for the analysis of volatile organics by a
Purge and Trap procedure following Method 8021B. All requirements of the 8000B section of this SOP
must be met except when superseded by this Appendix. Refer to Table Al for theindividual analytes
normally determined by these procedures. Routine reporting limitsarelisted in Table Al.

Compounds within the scope of this method have boiling points below 200°C and are insoluble or slightly
solublein water. Classes of compounds best suited to Purge and Trap analysisinclude low molecular
weight halogenated hydrocarbons, aromatics, ketones, nitriles, acetates, acrylates, ethers, and sulfides.

Water samples and soils samples with low levels of contamination may be analyzed directly by purge-and-
trap extraction and gas chromatography. Higher concentrations of these analytesin soil may be
determined by the medium level methanol extraction procedure.

This method also describes the preparation of water-miscible liquids, non-water-miscible liquids, solids,
wastes, and soils/sediments for analysis by the Purge and Trap procedure.

The associated LIM S method codeis QR.

2. SUMMARY OF METHOD

21.

22

Aninert gasis bubbled through the sample at ambient temperature or at 40°C (40°C required for low-level
soils), and the volatile components are transferred from the agueous phase to the vapor phase. The vapor
is swept through a sorbent column where the volatile components are adsorbed. After purgingis
completed, the sorbent column is heated and back-flushed with inert gas to desorb the components onto a
gas chromatographic column. Analytes are detected using a photo-ionization detector, an electrolytic
conductivity detector, or acombination of both.

For soil samples, aportion of the sampleis dispersed in methanol to dissolve the volatile organic
constituents. A portion of the methanolic solution is combined with water. It isthen analyzed by Purge
and Trap GC following the normal water method.

3. DEFINITIONS

31

Refer to the TestAmerica North Canton Quality Assurance Manual (QAM), current version, for definitions
of terms used in this document.

4, INTERFERENCES

41.

42.

4.3.

Refer to Section 4 of the Method 8000B part of this SOP for general information on chromatographic
interferences.

Impurities in the purge gas and from organic compounds out-gassing from the plumbing ahead of the trap,
account for the majority of contamination problems. The analytical system must be demonstrated to be
free from contamination under the conditions of the analysis by running laboratory reagent blanks. The
use of non-TFE plastic tubing, non-TFE thread sealants, or flow controllers with rubber componentsin the
purging device must be avoided.

Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and
fluorocarbons) through the septum seal of the sample vial during shipment and storage. A trip blank
prepared from organic-free reagent water and carried through sampling and handling protocols serves as a
check on such contamination.
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44, Contamination by carryover can occur whenever high-concentration and low-concentration samples are
analyzed sequentially. Whenever an unusually concentrated sampleis analyzed, it must be followed by an
analysis of organic-free reagent water to check for cross-contamination. The trap and other parts of the
system are subject to contamination. Therefore, frequent bake-out and purging of the system may be
reguired.

45. A holding blank iskept in the samplerefrigerator. Thisisanalyzed and replaced every seven days. If the
holding blank does not meet the method blank criteria, the source of contamination must be found and
corrected. Evaluation of all samples analyzed in the seven-day period prior to the analysis of the
contaminated holding blank isrequired. Refer to SOP NC-QA-020 for additional information on holding
blanks.

46. Acidification of samples may result in hydrolysis of 2-chloroethyl-vinyl ether.

5. SAFETY

51. Referto Section 5 of the Method 8000B section of this SOP for general safety requirements.

52. Thefollowing method analytes have been tentatively classified as known or suspected human or
mammalian carcinogens. Benzene, Carbon Tetrachloride, 1,4-Dichlorobenzene, 1,2-Dichloroethane,
Hexachlorobutadiene, 1,1,2,2-Tetrachloroethane, 1,1,2-Trichloroethane, Chloroform, 1,2-Dibromoethane,
Tetrachloroethene, Trichloroethene, Vinyl Chloride. Pure standard materials and stock standard solutions
of these compounds must be handled in a hood.

53.  GC VOA instruments use an ultraviolet (UV) light source, which must be shielded from view.

6. EQUIPMENT AND SUPPLIES

6.1. Microsyringes—5 ni, 10m., 25ni., 100n., 250, 500m., and 1000nL.. These must be equipped with a 20
gauge (0.006" ID) needle. These must be used to measure and dispense methanolic solutions and agueous
samples.

6.2. Gastight syringes-- 5 mL. Used for measuring sample volumes.

6.3. Purgeand Trap Apparatus-- A device capable of extracting volatile compounds, trapping on a sorbent
trap, and introducing onto a gas chromatograph.

6.4. Purgeand Trap Autosampler -- In order to maintain high sample throughput, an autosampler is highly
recommended.

6.5. Trap-- Thetrap used is dependent on the class of compound to be analyzed. Refer to Table A2 for
suggested traps for specific tests.

6.6. PurgeVessels-- These are dependent on the purge and trap unit/autosampler used. Both disposable
culture tubes (needle sparge units) and specially designed vessel s with fritted bottoms may be used.
Follow the manufacturer’ s suggestions for configuration.

6.7. Columns-- Refer to Table A2 for details of columns

6.8. Volumetric flasks, ClassA -- 5mL to 250 mL

6.9. pH paper: Range0-14

6.10. Balance capable of weighing to 0.01g for samples
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6.11. Chlorinetest strips

6.12. Hach chlorinetest pillows

6.13. Mechanical pipettes. 10 mL and 20 mL

7. REAGENTSAND SUPPLIES

7.1. Refer to the Method 8000B section of this SOP for general requirements for reagents and supplies.

7.2.  Organic-Free Water
721. Organic-free water is defined as water in which an interferent is not observed at the reporting limit

of the compounds of interest. The laboratory method for generating organic free water is
continuously sparging water with helium or nitrogen.

7.3.  Methanol -- Purge and Trap Grade

74 n-Propanol — ultrahigh

75  Standards
751 Refer to Tables A3 for details of surrogate, matrix spiking, and internal standards. Calibration

standard levels are not specified, since they may depend on the sensitivity and linear range of
specific detectors. However, the low-level standard must be equivalent to the reporting limits
specifiedin Table AL
752  Volatile standards are prepared by injecting a measured volume of the stock standard into a
volumetric flask containing the appropriate volume of methanol. See the Standards L ogbook for
details on sample preparation.
8. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1. Holdingtimesfor al volatile analysis are 14 days from sample collection to analysis.

82. Water samplesare normally preserved at pH < 2 with 1:1 hydrochloric acid. Unpreserved samples must be
analyzed within seven days from sample collection if aromatic compounds are requested.

83.  Solid samples arefield preserved with methanol for medium-level analysis. Soil samples can also be taken
using the EnCore™ sampler and preserved in the lab within 48 hours of sampling. At specific client
request, unpreserved soil samples may be accepted.

84. Thereare several methods of sampling soil. The recommended method, which provides the minimum of
field difficulties, isto take an EnCore™ sample. (The 5g or 25g sampler can be used, depending on client
preference). Following shipment back to the lab the soil is preserved in methanol. Thisisthe medium-level
procedure. If very low detection limits are needed (< 50 ng/kg for most analytes), then it will be necessary
to use two additional 5g EnCore™ samplers or to use field preservation.

85. Samplecollection for medium-level analysis using EnCore™ samplers.

85.1.  Shipone5g (or 25g) EnCore™ sampler per field sample position.
85.2.  Anadditional bottle must be shipped for percent moisture determination.

85.3.  When the samples are returned to the |ab, extrude the (nominal) 5g (or 25g) sampleinto atared
VOA vial containing 5 mL methanol (25 mL methanol for the 25g sampler). Obtain the weight of
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the soil added to the vial and note on the label.

854.  Add the correct amount of surrogate spiking mixture. (Add 1 mL of a50 ng/mL solution for a
nominal 5g sample, 500 ni. for amedium level prep sample, 500 ni. for awaste prep, and 2.5 mL for
a25g soil sample.)

85.5.  Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate
samples. (Add 10 ni of a10 ng/mL solution for anominal 5g sample, 500 . for amedium level
prep sample, 500 ni. for awaste prep, and 2.5 mL for a25g soil sample.) The addition of spike
introduces aslight error (0.4%), which can be neglected, into the calculations.

85.6. Preparean LCS/LCSD for each batch by adding the correct amount of matrix spiking solution to
clean methanol. (Add 10 i of a10 ng/mL solution for anominal 5g sample, 500 ni. for amedium
level prep sample, 500 ml. for awaste prep, and 2.5 mL for a25g soil sample.)

85.7. Method blanks are prepared using 5 g of Ottawa sand, 5mL of reagent waster, and a stir bar.
858.  Shakethe samplesfor two minutes to distribute the methanol throughout the soil.

85.9. Allow to settle and storein aclean Teflon®-capped vial at 4 +/-2°C until analysis.

Sample collection for medium level analysis using field methanol preservation

86.1.  When the samples are returned to the lab, obtain the weight of the soil added to the vial and note
on thelabel.

86.2.  Add the correct amount of surrogate spiking mixture. (Add 100 ni of 250 ng/mL solution for a
nominal 259 sample, 20 for anomina 5g sample.)

86.3.  Add the correct amount of matrix spiking solution to the matrix spike and matrix spike duplicate
samples. (Add 100 mL of 250 ng/mL solution for anominal 25g sample, 20 for anominal 59
sample.) The addition of spike introduces aslight error (0.4%), which can be neglected, into the
calculations.

86.4. Preparean LCS/LCSD for each batch by adding the correct amount of matrix spiking solution to
clean methanol. (100 ni. of spiketo 25 mL methanol or 20 ni. spiketo 5 mL methanal).

86.5.  For medium level Method Blanks, prepare 5 mL of methanol, 50uL of surrogate and 5 g of Ottawa
sandina20 mL vid.

86.6.  Shakethe samplesfor two minutes to distribute the methanol throughout the soil.
8.6.7.  Allow to settle and storein aclean Teflon®-capped vial at 4 +/-2°C until analysis.

Aqueous samples are stored in glass containers with Teflon®-lined septa at 4°C + 2°C with minimum
headspace. For volatile water samples, the method blank consists of reagent water

Medium-level solid extracts are aliquoted into 2 - 5 mL glass vials with Teflon®-lined caps and stored at
4°C + 2°C. Theextracts are stored with minimum headspace.

The maximum holding timeis 14 days from sampling until the sampleisanalyzed. Maximum holding time
for the EnCore™ sampler (before the sample is added to methanol) is 48 hours.

A holding blank is stored with the samples. Thisisanalyzed and replaced if any of the trip blanks show
any contamination. Otherwise it isreplaced every 14 days.
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EnCore procedure when low level is not required (field steps
in gray)

Extrude soil sample
from EnCore into tared
septum capped vial
containing 25 mL
methanol

Ship one EnCore
sampler and one bottle .| Take core sample and R
for %moisture per % moisture sample
sample location

Reweigh via! to obtain Shake for 2 minutes. »( Sample is re_ady for
soil weight. analysis
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Field methanol extraction procedure (field steps in gray)

Prepare a septum
capped vial containing
5 mL methanol for
each sample location

Weigh the vial and
record the weight to

the nearest 0.01g on
the label

Ship following DOT
regulations for

. | flammabile liquids and

include a separate
bottle for each sample
location for % moisture

Weigh the vial and
ensure the weight is

Take a (nominal) 5g
core sample using
an EnCore sampler

the same as that liste
on the label. (If not,
use a different vial.)

v

or a cut-off plastic
syringe

A 4

Extrude the sample
into the vial, taking
care not to splash
any methanol out of
the vial

A

Cap the vial
and record the
weight on the
label

Take a separate

> sample for %
moisture

Return to the lab
following DOT
shipping
regulations for
flammable liquids

A 4

Weigh the sample vial
on receipt. If different
from the weight noted
by the Sampling crew,
note as an anomaly;

and contact the client

Shake for two

minutes

Sample is ready
for analysis

)
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QUALITY CONTROL

9.1

Refer to the Method 8000B section of this SOP (Section 9) for general quality control procedures, including
batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and control limits.

CALIBRATION AND STANDARDIZATION

10.1. Refer to the Method 8000B section of this SOP (Section 10) for general calibration procedures.
10.2. Gas Chromatograph Operating Conditions

10.2.1. Various column configurations are possible. If dual column confirmation is necessary, the sample
may be split using aY splitter at theinjector end to direct the sample to two columns and two
detectors. For simultaneous determination of aromatic and hal ogenated volatiles, a single column
isused and the PID and ELCD detectors are connected in series.

1022, Referto Table A2, A3 and A4 for GC operating conditions. Additional operating instruction may
be found in instrument manuals located in the laboratory.

10.3. Initial Calibration

10.3.1. Refer to Section 10 of the Method 8000B section of this SOP for details of initial calibration
criteria.

10.3.2. Low-level soil samples must be purged at 40°C; therefore the calibration curve must also be
purged at 40°C.

10.3.3. Thelow-level calibration must be at the reporting limit or below. The remaining standards
encompass the working range of the detector. See Table A5 for the I-cal level and amounts.

10.34. Cadlibrate the instrument using the same volume that will be used during sample analysis.

104. Initia Calibration Verification (ICV)

104.1. Aninitia calibration verification (ICV) standard is analyzed immediately following the initial
calibration. Acceptance criteriais+ 15% for TCL analytes and + 30% for al other analytes. If this
isnot met, anew initial calibration curveisanayzed.

105. Cdlibration Verification

105.1. A mid-level calibration standard is used for the calibration verification. The gases have 20% D
criteriarather than the 15% used for other analytes. For analytes not listed in Method 8021B, the
CCV criteriais 50% D.

105.2. A calibration verification run is performed after every ten sasmples or 12 hours for this method.

105.3. Bracketing of sampleswith calibration verification runsisonly necessary for external standard
analysis. Analytes are detected using a photo-ionization detector are quantitated using the
internal standard method. Analytes detected using an electrolytic conductivity detector may be
quantitated using either the internal or external method.

PROCEDURE
111. Refer to the Method 8000B section of this SOP for general procedural regquirements.
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Analytical Sequence

1121. Theanalytical sequence startswith aninitial calibration of at least five points or a 12-hour
calibration that meets % difference criteriafrom an existing initial calibration.

Confirmation

11.31. ThePID and ELCD detectors are sufficiently selective that second column confirmation is not
aways necessary. Requirements for second column confirmation must be decided in consultation
with theclient. If the PID and ELCD are used in series, confirmatory information for many
analytes can be gained by comparing the rel ative response from the two detectors.

Aqueous and Soil Sample Analysis (Autosampler Purge and Trap units that sample directly from the VOA
vial)

1141, Check the pH of the samplein the VOA vial prior to analysis. Samplesare also checked for
residual chlorine at thistime.

114.2.  Units, which sample from the VOA vial, should be equipped with amodule, which automatically
adds surrogate and internal standard solution, as needed, to the sample prior to purging the
sample.

114.3. If the autosampler uses automatic 1S/SSinjection, no further preparation of the VOA vial is
needed. Otherwise, theinternal and surrogate standards must be added to the vial.
Note: Aqueous samples with high amounts of sediment present in the vial may not be suitable for
analysis on thisinstrumentation, or they may need to be analyzed as soils.

11.4.4. Sampleremaining inthevial after sampling with one of these mechanismsis no longer valid for
further analysis. A fresh VOA via must be used for further sample analysis.

Low-Level Solids Analysisusing discrete autosamplers Bulk Solids

Note: Thistechnique may serioudy underestimate analyte concentration and must not be used except at
specific client request for the purpose of compar ability with previousdata. It isnolonger part of SW-846.

This method is based on purging a heated sediment/soil sample mixed with reagent water containing the
surrogate and, if applicable, internal and matrix spiking standards. Analyze all reagent blanks and
standards under the same conditions as the samples (e.g., heated). The calibration curveisalso heated
during analysis. Purge temperatureis40°C.

11.5.1. Thisprocedure cannot be used for Ohio VAP samples. Refer to Section 1.4 for the appropriate
procedure.

115.2. Do not discard any supernatant liquids. Mix the contents of the container

11.5.3. Weigh out 5g (or other appropriate aliquot) of sampleinto a disposable culture tube or40mL
vial. Record the weight to the nearest 0.1g. If method sensitivity is demonstrated, a smaller
aliquot may be used. Do not use aliquotslessthan 0.5g. If the sampleis contaminated with
analytes such that a purge amount less than 0.5g is appropriate, use the medium-level method
described in Section 8.6, Appendix A.

11.5.4. Placein autosampler.

11.5.5. Add 5 mL of organic free water to each vial. Add surrogate/internal standard (and matrix
spike solutionsif required.) (See Table A3.) Add directly to the sample from Section 11.6.2.
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11.5.6. The above steps must be performed rapidly and without interruption to avoid | oss of volatile
organics

11.6. Methanol Extract Soils

116.1. Takean appropriate aliquot from the sample prep container. Add to 5mL of organic free water ina
40 mL VOA vial. Turn off the automatic surrogate function on the autosampler. Place the sample
in the autosampler and analyze as for agueous samples. If lessthan 1uL of methanolic extract isto
be added to the water, dilute the methanolic extract such that avolume greater than 1ulL will be
added to the water in the VOA vial.

DATA ANALYSSAND CALCULATIONS

12.1. Refer to Section 12 of the Method 8000B section of this SOP. Refer to Tables A5 and A6 for details of the
calibration curves.

METHOD PERFORMANCE

13.1. Performance limitsfor the four replicate initial demonstration of capability required under Section 13.1 of
the Method 8000B section of this SOP.

POLLUTION PREVENTION

14.1. Refer to Section 14 of the 8000B section of this SOP
WASTE MANAGEMENT

15.1. Referto Section 15 of the 8000B section of this SOP
152. Waste streams produced by the method.
1521. Thefollowing waste streams are produced when this method is carried out.

15.2.1.1. Acidic material from the auto-sampler. Waste stream must be collected and neutralized
before discharge to a sewer system if the pH islessthan 4.

15.2.1.2. Methanol waste standards. Methanol wasteis discarded as aflammableliquid.

15.2.1.3. All samplesincluding purged and extracted soilsand waters: Samples are collected in
boxes and removed from the lab to storage. The waste coordinator handles crushing the
vials and proper disposal.

REFERENCES

16.1. Test Methodsfor Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, Final Update
I11, December 1996, Sections 5000, 5030B, 5035 and 8021B.

16.2. SW846, Test Methods for Evaluating Solid Waste, Third Edition, Closed System Purge and Trap and
Extraction for Volatile Organicsin Soil and Waste Samples, Method 5035, Rev 0, December 1996.

16.3. Laboratory Holding Blanks, NC-QA-020
MISCELLANEOUS

TABLES
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TableAl

Standard AnalyteList for Method 8021B

Compound CAS No. Reporting Limit, ng/L or ng/kg
Aqueous Low Soil | Medium Soil

1,1,1,2-Tetrachl oroethane 630-20-6 10

1,1,1-Trichloroethane 71-55-6 10

1,1,2,2-Tetrachl oroethane 79-34-5 10

1,1,2-Trichloroethane 79-00-5 10

1,1-Dichloroethane 75-34-3 10

1,1-Dichloroethene 75454 10

1,1-Dichloropropene 563-58-6 10

1,2,3-Trichlorobenzene 87-61-6 10

1,2,3-Trichloropropane 96-18-4 10

1,2,4-Trichlorobenzene 120-82-1 10

1,2,4-Trimethylbenzene 95-63-6 10 10 50
1,2-Dibromo-3-Chloropropane(DBCP) 96-12-8 10

1,2-Dibromoethane(EDB) 106-93-4 10

1,2-Dichlorobenzene 95-50-1 10

1,2-Dichloroethane 107-06-2 10

1,2-Dichloropropane 78-87-5 10

1,3,5-Trimethylbenzene 108-67-8 10 10 50
1,3-Dichlorobenzene $1-73-1 10 10 50
1,3-Dichloropropane 142-28-9 10

1,4-Dichlorobenzene 106-46-7 10 10 50
2,2-Dichloropropane 590-20-7 10

2-Chloroethyl vinyl ether 110-75-8 50

2-Chlorotoluene 95-49-8 10

4-Chlorotoluene 106-43-4 10

Acetone 67-64-1 10

Benzene 71-43-2 10 10 50
Benzyl Chloride 100-44-7 50

Bromobenzene 108-86-1 10

Bromochloromethane 74-97-5 10

Bromodichloromethane 75-27-4 10

Bromoform 75-25-2 10

Bromomethane 74-83-9 10

Carbon Tetrachloride 56-23-5 10

Chlorobenzene 108-90-7 10

Chlorodibromomethane 124-48-1 10

Chloroethane 70-00-3 10
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TableAl

Standard Analyte List for Method 8021B

Compound CAS No. Reporting Limit, ng/L or ng/l_<g :
Aqueous Low Soil | Medium Soil

Chloroform 67-66-3 10
Chloromethane 74-87-3 10
cis-1,2 Dichloroethene 156-59-4 10
cis-1,3-Dichloropropene 10061-01-5 10
Dibromomethane 74-95-3 10
Dichlorodifluoromethane 75-71-8 10
Ethyl Benzene 100-41-4 10 10 50
Freon 113 76-13-1 10
Hexachlorobutadiene 87-68-3 10
| sopropylbenzene 93-82-8 10
MEK (2-butanone) 78-93-3 50
Methyl tert-butyl ether (MTBE) 1634-04-4 10
Methylene Chloride 75-09-2 50
MIBK (4-methyl-2-pentanone) 108-10-1 5.0
Naphthalene 91-20-3 20 20 250
n-butylbenzene 104-51-8 10
n-Propylbenzene 10306501 10
p-1sopropyltoluene 99-87-6 10
sec-Butylbenzene 135-98-8 10
Styrene 100-42-5 10
tert-Butylbenzene 98-06-6 10
Tetrachloroethene 127-18-4 10
Toluene 108-88-3 10 10 50
trans-1,2-Dichloroethene 156-60-5 10
trans-1,3-Dichloropropene 10061-02-6 10
Trichloroethene 79-01-6 10
Trichlorofluoromethane 75-69-4 10
Vinyl Chloride 75-01-4 10
Xylenes (total) 1330-20-7 10 10 50
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Recommended Conditionsfor Method Combined Aromatic and Halogenated Volatiles

Table A2

Parameter Recommended Conditions

Temperature program 35°C, 12 min, then 4°C/min to 200°C, hold for 5 min
Column 1 DB-VRX or RTX-502.2 105m x 0.53 mm id df = 3.0um
Column 2 DB-1 or RTX-1105m x 0.53 mm ID df = 3.0um
Column 3 RTX - Volatiles 120m x 0.53mm ID df=2.0um

Carrier gas Hydrogen

Purge Flow / time

40 mL/min, 11 minutes

Desorb Temp / time

180°C, 2 minutes (220°C for Vocarb 3000)

Bake Time/ temp

200°C, 12 minutes (230°C for Vocarb 3000)

Transfer line/ valve temp 115°C
Table A3
Surrogate and Internal Standard Concentrations
Working Solution | Spikeamount | Final concentration
Standard Components —— m myL (my/kg)
Combined Fluorobenzene (SS) 50 1 10
aromatic and -
hal ogenated 1,4-Dichlorobutane (SS) 50 1 10
volatiles|S/SS | aaaTrifluorotoluene 50 1 10

It may be necessary to select di

fferent surrogates in order to minimize sample interferences. 1-chloro-4-fluorobenzeneis

fairly well resolved from analytes listed in this SOP. Other surrogates that may be considered, and issues associated with

their use are:

1-Chloro-2-fluorobenzene:

Bromofluorobenzene:

2-Bromo-1-chloropropane:

Elutes close to ethylbenzene on DB-1 or Rtx-1 and close to m,p-xylene on 502.2

Closeto 1,1,2,2-trichloroethane and 1,2,3-trichloropropane on the 502.2 column. Good
on DB-1 or Rtx-1.

May coelute with 1,1,2-trichloroethane
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TableA4
Concentrationsfor LCSand M SM SD compounds
Working Solution . Final concentration
Standard Components ——y Spike amount m. nyL (my/kg)
Aromatic Benzene 10 10 20
Toluene 10 20
Chlorobenzene 10 20
Halogenated Chlorobenzene 10 10 20
1,1-Dichloroethene 10 20
Trichloroethene 10 20
Combination Benzene 10 10 20
aromatic/ Toluene 10 20
Halogenated Chlorobenzene 10 20
1,1-Dichloroethene 10 20
Trichloroethene 10 20
Table A5
Initial Calibration for Water Anlaysis
Cal Leve On Column Amount (ng) Final Concentration (ng/L)
1 25 0.5
2 5 1
3 10 2
4 20 4
5 50 10
6 100 20
8 200 40
10 400 80
Table A6
Soil or Water Heated Initial Calibration Curve
Cal Leved On Column Amount (ng) Final Concentration (ng/L)
1 25 0.5
2 5 0.1
3 10 2
5 50 10
6 100 20
7 200 40
8 400 80
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1. SCOPEANDAPPLICATION

11. This SOP Appendix describes proceduresto be used when SW-846 Method 8081A is applied to the
analysis of organochlorine pesticides by GC/ECD. This appendix may also to be applied when
discontinued SW-846 Method 8080A is requested, and is applicable to extracts derived from any matrix
which are prepared according to the appropriate sample extraction SOPs (NC-OP-032).

12. TableB1lists compounds, which are routinely determined by this method, and gives the Reporting
Limits (RL) for each matrix. RLsgiven are based on the low level standard and the sample preparation
concentration factors. Matrix interferences may result in higher RLs than those listed.

13. Atclient request, this method may also be used for the analysis of PCBs (Aroclors) in combination with
pesticides, although these are normally analyzed following Method 8082, as described in Appendix C of
this SOP. Extractsthat have been acid cleaned may not be analyzed for pesticides, since several of the
pesticides will be degraded.

14. Theassociated LIMS method codeis QJ (Method 8081A).

2. SUMMARY OF METHOD

21. Thismethod presents conditions for the analysis of prepared extracts of organochlorine pesticides. The
pesticides are injected onto the column and separated and detected by el ectron capture detection.
Quantitation is by external standard methods.

3. DEFINITIONS

3.1. Refertothe TestAmericaNorth Canton Quality Assurance Manual (QAM), current version, for
definitions of terms used in this document.

4, INTERFERENCES
41. Refer to the Method 8000B section of this SOP for information regarding chromatographic interferences.

42. Interferencesinthe GC analysis arise from many compounds amenable to gas chromatography that give
ameasurabl e response on the el ectron capture detector. Phthalate esters, which are common plasticizers,
can pose amajor problem in the determinations. Avoiding contact with any plastic materials minimizes
interferences from phthalates.

43.  Sulfur will interfere and can be removed using procedures described in SOP NC-OP-025, Cleanup SOP.

44. Interferences co-extracted from sampleswill vary considerably from source to source. The presence of
interferences may raise quantitation limits for individual samples. Using hexane/ acetone as the
extraction solvent (rather than hexane / methylene chloride) will reduce the amount of interferences
extracted.

5. SAFETY
51. Referto Section 5 of the Method 8000B SOP for general safety requirements.

52. Thefollowing parameters covered by this method have been tentatively classified as known or
suspected, human or mammalian carcinogens. 4,4'-DDT, 4,4'-DDD, and the BHCs. Primary standards of
these toxic compounds must be prepared in a hood.

53.  All ®Ni sources must be leak-tested every six months, or in accordance with the manufacturer’ s general
radioactive material license.
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54. All ®Ni sources must be inventoried every six months. |f adetector is missing, the Director, EH& S must
beimmediately notified, and aletter sent to the NRC or local state agency.

EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the Method 8000B section of this SOP. A ®Ni electron capture detector is required.
6.2. RefertoTable B2 for analytical columns.

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

6.4  Autosampler vials, inserts, and caps

REAGENTSAND STANDARDS

7.1. Refer tothe Method 8000B section of this SOP for general requirements for reagents and supplies.

7.2. Referto Table B3 for details of calibration standards. See the Standards L ogbook for details on sample
preparation.

7.3. Surrogate Standards

731 Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Refer to Tables B5S
and B6 for details of surrogate standards.

74. Column Degradation Evaluation Mix

74.1. A mid-level standard containing 4,4'-DDT and Endrin and not containing any of their
breakdown products must be prepared for evaluation of degradation of these compounds by
the GC column and injection port. This mix must be replaced after one year, or whenever
corrective action to columns fails to eliminate the breakdown of the compounds, whichever is
shorter. This solution also contains the surrogates. Refer to Table B4 for details of the column
degradation evaluation mix.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Theholding time for pesticide extractsis 40 days from extraction to analysis. Samples must be
refrigerated at <6°C.

QUALITY CONTROL

9.1. Refertothe Method 8000B section of this SOP (Section 9) for general quality control procedures,
including batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and control
limits.

CALIBRATION AND STANDARDIZATION

10.1. Refer to Section 10 of the Method 8000B section of this SOP for general calibration requirements.

10.2. Refer to Table B2 for recommended details of GC operating conditions. The conditions listed must result
in resolution of al analyteslisted in Table B1 on both columns.

10.3. Column Degradation Evaluation
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10.3.1. Beforeany calibration runs, either initial or 12 hour, the column evaluation mix must be injected
before each initial or daily calibration. The degradation of DDT and endrin must be calcul ated
(see Equations 9 and 10) and each shown to be |ess than 15% before calibration can proceed.
Thisisonly necessary if the target compound list includes DDT, Endrin, or any of their
degradation products.

10.3.2. If the breakdown of DDT and/or endrin exceeds the limits given above, corrective action must
betaken. Thisaction may include:

104. Replacement of theinjection port liner or the glass wool.

105. Cutting off aportion of the injection end of a capillary column.
106. Replacing the GC column.

10.7. Initia Calibration

10.7.1. Refer to Section 10 of the Method 8000B section of this SOP for details of calibration
procedures.

10.7.2. Referto Table B7 for theinitial calibration analytical sequence.

10.7.3. Theresponse for each single-peak analyte must be cal culated by the procedures described in
the general method for GC analysis.

10.74. Thesurrogate calibration curveiscalculated from the AB mix. If there are resolution problems,
then the A and B mixes may be analyzed separately.

10.75. For multi-component pesticides:

10.7.5.1. A five-point calibration is used for multi-component pesticides (typically toxaphene
and technical chlordane). Two options are possible; the same quantitation option
must be used for standards and samples. Refer to Section 12.3 for guidance on which
option to use.

10.7.5.2. A full five-point calibration for any of the multi-component analytesis analyzed.

10.8. 12-hour Calibration Verification

108.1. The12-hour calibration verification sequence must be analyzed within 12 hours of the start of the
initial calibration and at least once every 12 hours thereafter if samples are being analyzed. If more
than 12 hours have elapsed since the injection of the last samplein the analytical sequence, anew
analytical sequence must be started with a 12-hour calibration. A mid-level calibration standard is
used for the 12-hour calibration. Refer to the Method 8000B section of this SOP for acceptance
criteria.

108.2. Ataminimum, the 12-hour calibration includes analysis of the breakdown mix followed by mid-
level standards of the AB mix. At aminimum, multi-component analytes are analyzed at the
beginning of a sequence.

108.3. Theretention time windows for any analytesincluded in the 12-hour calibration are updated.
10.9. Initid Calibration Verification (ICV)
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109.1. Aninitia calibration verification (ICV) standard, from a second source, is analyzed immediately

following theinitial calibration. Acceptance criteriaist 15% for TCL analytes and + 30% for all
other analytes. If thisisnot met, anew initial calibration curveisanalyzed.

Continuing Calibration
10.10.1. A mid-level AB calibration mix is analyzed as the continuing calibration standard. At aminimum,

thisisanalyzed after every 20 samples, including matrix spikes, LCS, and method blanks. If 12
hours el apse, analyze the 12-hour standard sequence instead. The continuing calibration
standard need not include multi-component analytes. If instrument drift is expected due to sample
matrix or other factors, it may be advisable to analyze the continuing calibration standard more
frequently.

PROCEDURE

111

112

113

114

115

116.

Refer to the Method 8000B section of this SOP for general procedural requirements.

Extraction
112.1. Theextraction procedureisdescribed in SOP NC-OP-032.

Cleanup
11.31. Cleanup procedures are described in SOP No. NC-OP-025.

Suggested gas chromatographic conditions are given in Table B2.
Allow extractsto warm to ambient temperature before injection.

The suggested analytical sequenceisgivenin TableB7.

DATA ANALYSISAND CALCULATIONS

121

12.2.

123.

Refer to the Method 8000B section of this SOP for identification and quantitation of single component
analytes.

I dentification of Multi-Component Analytes

1221 Retention time windows are also used for identification of multi-component analytes, but the
“fingerprint” produced by major peaks of those compoundsin the standard is used in tandem
with the retention times to identify the compounds. Theratios of the areas of the major peaks
are also taken into consideration. Identification of these compounds may be made even if the
retention times of the peaksin the samplefall outside of the retention time windows of the
standard, if in the analyst’ s judgment the fingerprint (retention time and peak ratios) resembles
the standard chromatogram.

Quantitation of Multi-Component Analytes

1231, Use 3-10 major peaks (or total areafor quantitation) as described in Section 10.4.4, initial
calibration of multi-component analytes.

12.3.2. If there are no interfering peaks within the envel ope of the multi-component analyte, the total
area of the standards and samples may be used for quantitation. Any surrogate or extraneous
peaks within the envelope must be subtracted from the total area.

12.3.2.1. Multiple peak option
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Thisoption is particularly valuableif toxapheneisidentified but interferences make quantitation
based on total areadifficult. Select 3-10 major peaks in the analyte pattern. Cal cul ate the
response using the total areaor total height of these peaks. Alternatively, find the response of
each of the 3-10 peaks per multi-peak pesticide, and use these responses independently,
averaging the resultant concentrations found in samples for afinal concentration result. When
using thisoption, it is appropriate to remove peaks that appear to be coeluting with
contaminant peaks from the quantitation. (i.e., peaks which are significantly larger than would
be expected from the rest of the pattern.)

Chlordane may be quantitated either using the multiple peak option (Section 12.3.1, Appendix
B), total area option (Section 12.3. 2., Appendix B), or by quantitation of the major components,
a-chlordane, g-chlordane and heptachlor.

Total areaoption

1241

Thetotal area of the standards and samples may be used for quantitation of multi-component
analytes. Any surrogate or extraneous peaks within the envel ope must be subtracted from the
total area. This option must not be used if there are significant interference peaks within the
multi-component pattern in the samples. The retention time window for total area measurement
must contain at least 90% of the area of the analyte.

Second column confirmation multi-component analytes will only be performed when requested by the
client, because the appearance of the multiple peaks in the sample usually serves as a confirmation of
analyte presence. For Ohio VAP projects, both columns must meet criteria.

Surrogate recovery results are calculated and reported for decachl orobiphenyl (DCB) and tetrachloro-m-
xylene (TCMX). Corrective actionisonly necessary if DCB and TCM X are both outside of acceptance

limits.

Calculation of Column Degradation/% Breakdown (%B)

Equation 9

12.7.1. DDT%B =

Aoop +  Aope
Aoop t Appe T Aopr

x 100

Where:

Abbp, Aope, and Appt = the response of the peaksfor 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT in the
column degradation evaluation mix.

Equation 10
Endrin %B = Aex *+ Aea x 100
Asx T Aea T A
Where:

Aex, Aea, @nd Ae = the response of endrin ketone, endrin aldehyde, and endrin in the column
degradation evaluation mix.

13. METHOD PERFORMANCE

13.1. Performance limitsfor the four replicate initial demonstration of capability required under Section 13.1 of
the main body of this SOP.

14. POLLUTION PREVENTION
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14.1. Refer to Section 14 of the Method 8000B section of this SOP.

15. WASTE MANAGEMENT

15.1. Refer to Section 15 of the 8000B section of this SOP.
16. REFERENCES

16.1. SW846, Update I11, December 1996, Method 8081A
17. MISCELLANEOUS

17.1. Modifications from Reference Method - None
17.2. TABLES
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TableB1
Standard Analyte List and Reporting Limitsfor Method 8081A
Reporting Limit, ng/L or ng/kg
Compound water Soil waste
Aldrin 0.05 17 50
a-BHC 0.05 17 50
b-BHC 0.05 17 50
dBHC 0.05 17 50
gBHC (Lindane) 0.05 17 50
a-Chlordane 0.05 17 50
gChlordane 0.05 17 50
Chlordane (technical) 05 17 500
4,4-DDD 0.05 17 50
4,4-DDE 0.05 17 50
4,4-DDT 0.05 17 50
Dieldrin 0.05 17 50
Endosulfan | 0.05 17 50
Endosulfan |1 0.05 17 50
Endosulfan Sulfate 0.05 17 50
Endrin 0.05 17 50
Endrin Aldehyde 0.05 17 50
Heptachlor 0.05 17 50
Heptachlor Epoxide 0.05 17 50
M ethoxychlor 01 33 100
Toxaphene 20 67 2000
APPENDI X I X ADD-ONs
Didlate 10 33 1000
Isodrin 0.1 33 100
Chlorobenzilate 0.1 33 100
Kepone' 10 33 1000

! K epone is sometimes requested for analysis by method 8081A. However, kepone may produce peaks with broad tails
that elute later than the standard by up to a minute (presumably due to hemi-acetal formation). Asaresult kepone
analysis by 8081A is unreliable and not recommended. Analysis by method 8270C is a possible alternative.

Note: apha chlordane, gamma chlordane, and endrin ketone are not required for some projects. The following
concentration factors are assumed in cal cul ating the Reporting Limits:

Extraction Val. Final Vol.
Ground water 1000 mL 10mL
Low-level Soil 30g 10mL
High-level soil / waste 1g 10mL
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TableB2
Recommended Conditionsfor M ethod 8081A
Parameter Recommended Conditions

Injection port temp 220°C

Detector temp 325°C

Temperature program 120°C for 1 min, 8.5°C/min to 285°C, , 6 min hold

Column 1 Ritx-CL Pesticides 30m x 0.32mm id, 0.5um

Column 2 Rtx-35 30m x 0.32 mmid, 0.5um

Column 3 DB-608, 30m X 0.32 mm, 0.25um

Injection 2uL

Carrier gas Helium or Hydrogen

Make up gas Nitrogen

Y splitter Restek or J& W or Supelco glasstee

TableB3
Calibration Levelsng/mL for Method 8081A
| Levdl | Levd2 | Levd3 | Levdd | Levd5 | Levd6?

Individual Mix AB*
Aldrin 5 10 25 50 100 200
g-BHC (Lindane) 5 10 25 50 100 200
Heptachlor 5 10 25 50 100 200
Methoxychlor 10 20 50 100 200 400
Dieldrin 5 10 25 50 100 200
Endosulfan | 5 10 25 50 100 200
Endosulfan 1 5 10 25 50 100 200
4,4 -DDT 5 10 25 50 100 200
Endrin Aldehyde 5 10 25 50 100 200
Endrin Ketone 5 10 25 50 100 200
b-BHC 5 10 25 50 100 200
d-BHC 5 10 25 50 100 200
a-BHC 5 10 25 50 100 200
4,4-DDD 5 10 25 50 100 200
4,4-DDE 5 10 25 50 100 200
Endosulfan Sulfate 5 10 25 50 100 200
Endrin 5 10 25 50 100 200
a-Chlordane® 5 10 25 50 100 200
g-Chlordane® 5 10 25 50 100 200
Multi-component Standards
Chlordane (Technical) 20 50 100 200 500
Toxaphene 200 500 1000° 2000 5000
Surrogates are included with all the calibration mixes at the following levels:
Tetrachloro-m-xylene 5 10 25 50 100 200
Decachlorobiphenyl 5 10 25 50 100 200

! Standards may be split into an A and B mix if resolution of all compounds on both columns is not obtained.

% Level 6isoptional and should only be used if linearity can be maintained on the instrument to this level.

% Compounds may be used in lieu of running adaily technical Chlordane standard for samples that are non-detect for

technical Chlordane.
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TableB4
Column Degradation Evaluation Mix ng/mL for Method 8081A
Component Concentration
4,4 -DDT 2
Endrin 25
Tetrachloro-m-xylene (Surrogate) 20
Decachlorobiphenyl (Surrogate) 20

Table B5
LCS/Matrix Spike and Surrogate Spike levelsng/L or ng/kg for Method 8081A
Aqueous Soil Waste
gammaBHC (Lindane) 0.20 33.3 200
Aldrin 0.20 33.3 200
Heptachlor 0.20 333 200
Dieldrin 0.50 333 500
Endrin 050 33.3 500
4,4 DDT 0.50 333 500
Tetrachloro-m-xylene (Surrogate) 0.20 33.3 200
Decachlorobiphenyl (Surrogate) 0.20 33.3 200
Table B6
LCS/Matrix Spikeand Surrogate Spikelevelsfor TCLP ng/L or ng/kg
for Method 8081A
Aqueous Waste

Heptachlor 5 500

Heptachlor epoxide 5 500

Lindane 5 500

Endrin 5 500

M ethoxychlor 10 1000
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TableB7
Suggested Analytical Sequencefor Method 8081A

Initial Calibration
ICV
Solvent blank (optional)
Primer if needed
Breakdown Mix
Individual mix AB All levels
Technical Chlordane Leve 3"
Toxaphene Level 3
Up to 20 samples unless 12 hours comes first)
Solvent blank (optional)
Individual mix AB Mid level (Continuing calibration)
Samples
After 12 hours:
Breakdown mix
Individual mix AB
Any other single component analytes

Any multi-component analytes

A five-point curve for any of the multi-component analytes may beincluded. If Aroclorsareincluded, afive-point
calibration for Aroclor 1016/1260 must be included with the initial calibration and asingle point for the other Aroclors.
The mid point 1016/1260 mix isincluded with the daily calibration (every 12 hours).

Note: A solvent blank or primer may be analyzed at any time during the sequence when highly contaminated samples
are expected. A solvent blank or primer may not be analyzed as routine immediately prior to standards.

Note: Theinitial primer isused if the instrument has been idle for aperiod of time.
12 -Hour Calibration
At least every 12 hours, counting from the start of the initial calibration or from the start of the last daily calibration, the

retention time windows must be updated using the Individual mix AB; and the breakdown mix must be run before the
continuing calibration.
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1. SCOPEANDAPPLICATION

11. This SOP Appendix describes procedures to be used when SW-846 Method 8082 is applied to the
analysis of polychlorinated biphenyls (PCB) by GC/ECD. This Appendix is applicable to extracts derived
from any matrix which are prepared according to the appropriate sample extraction SOP (NC-OP-032).
PCBs are determined and quantitated as Aroclor mixes.

12 TablesC1l and C5 lists compounds, which are routinely determined by this method, and gives the
Reporting Limits (RL) for each matrix. RLsgiven are based on the low level standard and the sample
preparation concentration factors. Matrix interferences may result in higher RLs than those listed.

Note: SW-846 method 8082 providesincomplete guidance for deter mination of individual PCB
congeners. This SOP does not include directionsfor congener specific analysis.

13. Theassociated LIMS method code is QH (8082).

2. SUMMARY OF METHOD

21. Thismethod presents conditions for the analysis of prepared extracts of PCBs. The PCBs are injected
onto the column and separated and detected by electron capture detection. Quantitation is by the
external standard method.

3. DEFINITIONS

3.1. Refertothe TestAmericaNorth Canton Quality Assurance Manua (QAM), current version, for
definitions of terms used in this document.

4, INTERFERENCES
41. Refer to the Method 8000B section of this SOP for information regarding chromatographic interferences.

42. Interferencesinthe GC analysis arise from many compounds amenable to gas chromatography that give
ameasurabl e response on the el ectron capture detector. Phthalate esters, which are common plasticizers,
can pose amajor problem in the determinations. Avoiding contact with any plastic materials minimizes
interferences from phthal ates.

43.  Sulfur will interfere and can be removed using procedures described in SOP NC-OP-025.

44. Interferences co-extracted from samples will vary considerably from source to source. The presence of
interferences may raise quantitation limits for individual samples. Specific cleanups may be performed on
the sample extracts. These cleanup procedures are included in SOP NC-OP-025.

5. SAFETY
51. Referto Section 5 of the Method 8000B SOP for general safety requirements.
52. Aroclors have been classified as a potential carcinogen under OSHA. Concentrated sol utions of
Aroclors must be handled with extreme care to avoid excess exposure. Contaminated gloves and

clothing must be removed immediately. Contaminated skin surfaces must be washed thoroughly.

53. All ®Ni sources must be leak tested every six months, or in accordance with the manufacturer’s general
radioactive material license.
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54.  All ®Ni sources must beinventoried every six months. If adetector is missing, the EH& S Director must
beimmediately notified and aletter sent to the NRC or local state agency.

EQUIPMENT AND SUPPLIES
6.1. Refer to Section 6 of the Method 8000B section of this SOP. A ®Ni electron capture detector is required.
6.2. Referto Table C2for analytical columns.

6.3. Microsyringes, various sizes, for standards preparation, sample injection, and extract dilution.

REAGENTSAND STANDARDS
7.1. Refer to the Method 8000B section of this SOP for general requirements for reagents and supplies.

7.2. Referto Table C3for details of calibration standards. See the Standards L ogbook for details on sample
preparation.
7.3. Surrogate Standards

7.31.  Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Refer to Table C4 for
details of surrogate standards.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Theholding timefor PCB extractsis 40 daysfrom extraction to analysis. Samples must be refrigerated at
<6°C.

QUALITY CONTROL

9.1. Refer tothe Method 8000B section of this SOP (Section 9) for general quality control procedures,
including batch definition, requirements for method blanks, LCS, matrix spikes, surrogates, and control
limits.

CALIBRATION AND STANDARDIZATION
10.1. Refer to Section 10 of the Method 8000B section of this SOP for general calibration requirements.
10.2. Initia Calibration

10.21. Refer to Table C6 for theinitial calibration analytical sequence.

10.22. Theresponse for each Aroclor must be calculated by the procedures described in the general
method for GC analysis with the following modifications.

10.23. A minimum five-point ca